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A RATIONAL APPROACH TO AIR-POLLUTION LEGISLATION 


GEORGE E. BEST 
BALTIMORE 


PURPOSE 


ROMPTED by a growing awareness of responsibility for conserving natural 


resources and for being good neighbors in community life, the chemical manu- 
facturing industry has been paying increasing attention to controlling pollution of 
the air. Aware also of sentiment in some quarters favoring legislated control, and 
of the potentially unhappy consequences of an improper law, the industry selected 
a committee to develop the basis for a fair and workable law. The purpose in pre- 
paring this statement of sound principles of legislation is not to cast an opinion for 
or against air-pollution control legislation, but to create the framework within which 
a proper bill can be written if it is determined that a control law is wanted. 


INTRODUCTION 


Until comparatively recent times, atmospheric pollution was regarded as an 
index of America’s prosperity and growth. Prospects were good where the factory 
chimneys smoked. That idea is rapidly becoming obsolete. More and more people 
are realizing that unlimited releasing of waste products into the air may have 
undesirable effects. This was called sharply to nationwide attention by the fatalities 
at Donora in 1948, and has been kept in the public mind by the publicity given to 
the annoying Los Angeles smog. 

When people are troubled, their reaction often is: “There ought to be a 
law . . .”” Unfortunately, they are sometimes stirred up to demand one by crusaders 
who inject fear into their minds. So it is with air pollution. There have been stark 
headlines about potential tragedies far worse than Donora’s in localities where the 
likelihood of such an occurrence is vanishingly small. Let’s put the Donora incident 
in proper perspective by remembering that industrial operations had been going 
on with little change in that community for many years without a prior occurrence. 
Moreover, in spite of highly concentrated air-polluting operations in many localities, 
there has never been a similar occurrence elsewhere in this country. 

A discussion of this paper will appear in a subsequent issue 

Mutual Chemical Company of America; Chairman, Subcommittee on Legislation Principles 
of the Air-Pollution Abatement Committee of the Manufacturing Chemists’ Association, Inc., 
Washington, D. C. The following are the other members of the Subcommittee whe collaborated 
with Mr. Best: Mr. C. H. Bunn, Jr., Standard Oil Development Co., Linden, N. J: Mr. C. A. 
Gosline, E. I. duPont de Nemours & Co., Inc., Wilmington, Del.; Dr. Dudley Irwin and 
Mr. F. L. Seamans, Aluminum Company of America, Pittsburgh, Pa 
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Clearly, air pollution is not a serious or critical menace to public health.' Lon- 
gevity is steadily increasing along with expanding industrialization. Scientific proof 
of relationship between air contaminants and damage to health has been exceedingly 
elusive in spite of extensive research. People generally are not justified in fearing 
that their health is endangered by air pollution. However, there is no doubt that 
cleaner air would make our industrial communities pleasanter places in which to live. 

Inasmuch as health is not a dominating factor, are there other considerations 
that might stimulate a community to consider a law to curb air pollution? Yes, it 
cannot be denied that in some localities air pollution is a nuisance—a very real one. 
Smoke and other varieties of suspended matter soil laundry, wall paper, curtains, 
parked automobiles, etc., and certain odors are generally objectionable. Less likely 
or frequent are instances of direct property damage, such as premature failure of 
house paint or damage to vegetation or livestock. Where these effects are offensive 
and those responsible for them do not recognize the trend of the times and decrease 
pollution to acceptable levels, control legislation may be justified. 

But before passing a law, let’s be sure on two counts. First, is a new law 
needed? Here’s the way one author puts it: 


Our efforts must be directed just as much to full utilization of existing legislation as 


towards the drafting of new laws. Only where the lack of legislation is a real impediment to 


effective air pollution control need we concentrate on new legislation. 


Second, if a new law appears to be in order, let’s make sure it’s a good one—one 
that will accomplish its purpose most efficiently without being unfairly or unneces- 
sarily restrictive. Also, there’s that little matter of footing the bill, which inevitably 
is passed on to the public. The following words of wisdom were written with 
reference to smoke ordinances, but apply equally well to all aspects of air pollution 
control : 


all differences of opinion and all controversy relative to a “smoke” ordinance are basically 
economic. The necessary compromises and agreements could be more readily reached if this 
were constantly kept in mind. It can be assumed that no one desires unclean air; the question 


is, how clean an air can the community afford? Engineering can provide it. For example, 


all heat and power needed could be produced electrically at one plant and then distributed 


electrically ; the gases from this plant could be washed and purified. Steam could be distributed 
from one plant. Fuel could be gasified at one plant and distributed by pipe lines throughout the 
community. Such centralized schemes have long been adopted by many communities, as far as 
water and sewage are concerned, but are not ordinarily considered for the purpose of obtaining 
pure and healthful air because of the cost 


What is considered is some economic compromise. 
success and life of the ordinance depend upon the sagacity of this compromise. 


With these thoughts in mind, let us try to develop sound basic principles for a 
law on air-pollution control, 

1. Lanza, A. J.: Health Aspects of Air Pollution, presented at the 42nd Annual Conference 
of the Air Pollution and Smoke Prevention Association of America at Birmingham, Alabama, 
May 24, 1949 

2. Stern, A. ( Problems in the Drafting and Administration of Air Pollution Control 
Legislation, Mod. Sanitation 2:34 (Dec.) 1950. 

3. Barkley, J. F.: Fundamentals of Smoke Abatement, U. S. Department of the Interior, 
Bureau of Mines, Information Circular 7588, December, 1950, p. 8. 
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I. FUNDAMENTAL PRECEPTS 

1. Air—A Useful Natural Resource —Since the beginning of life on this planet 
the atmosphere has functioned as an acceptor of emitted wastes. Breathing creatures 
inhale oxygen and exhale carbon dioxide, which is transferred through the air to 
green vegetation where the oxygen is released to complete the cycle. As industrial 
activities developed, there was no reason to question releasing waste products into 
the air—not until the amount became “too much.” 

The objective of air-pollution control should be to limit the amount of foreign 
material in the air so that there will not be “too much” but at the same time allow 
the atmosphere to function usefully to its fullest capacity. This principle was recog- 
nized in a recent Oregon bill* which provided for “reasonable or natural use” of 
the air. It is logical to regard the atmosphere as one of many natural resources 
which are being and should be used to technical and economic advantage. Today 
modern industry is paying more and more attention to atmospheric conditions in 
considering new plant sites, and seeking the services of meteorologists in addition 
to chemists and engineers to aid in planning for satisfactory operation. 

2. Atmospheric Capacity —The question then becomes: How much is “too 
much?” The answer depends on the nature of the air-polluting material, the specitic 
effects it produces, and where it is emitted. The release of potent-smelling fertilizer 
dust would produce a different reaction among city dwellers, who would dislike it, 
than among country folk, who would appreciate its beneficial effect upon their land. 

Thus a proper appraisal of air pollution should be based on the undesirable 
effects of pollution in specific locations rather than on its mere presence. 

3. Definition of Pollution Area——Obviously air currents do not respect munici- 
pal, county, or state lines, although the influence of any single air-pollution source 
or group of sources is fundamentally local in character. Thus a localized pollution 
area may be defined as one affected by the same sources of air pollution. 

Observance of political boundaries complicates dealing with air-pollution control. 
Yet from a practical standpoint, they cannot be wholly ignored. What is believed 
to be the best compromise is outlined in a section to follow. 

4. Concept of Uniqueness.—Each localized air-pollution area is unique unto 
itself. Atmospheric dispersion of air-borne wastes depends upon air movements 
and topography. The waste-load capacity of a given area is influenced also by the 
height and relative location of the various points of emission. Obviously, a heavy 
concentration of low stacks in a narrow valley would be more likely to create an 
undesirable situation than would scattered tall stacks in open country, assuming 
the same rate and kinds of emissions and comparable surroundings as to habitation, 
use of property, ete. 

Superficial consideration of the air-pollution problem occasionally leads people 
to the fallacious view that the remedy is to establish concentration limits for each 
air contaminant at the source of emission and apply them uniformly throughout 
the state or the nation. This is wrong, both technically and economically, for it 
would require everyone to meet the restrictions required for the worst situation. 
Further, concentration values alone are almost meaningless. They become signifi- 
cant only when used in conjunction with such factors as rate of emission, stack 
height, and wind velocity. 


4. Senate Bill No. 9, State of Oregon, 46th Legislative Assembly, Regular Session, 1951. 
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It is proper to judge air pollution only on the basis of relating the air conditions 
at the point of contact (e. g., ground level) to the effects produced by them. As 
technical knowledge about air pollution increases, it may become established that 
a certain limit of dust fall represents the tolerable level in city areas or that a cer- 
tain limit of sulfur dioxide is all that specific crops can stand, ete. Information of 
this sort emphasizes the fundamental validity of the concept of uniqueness. 

5. Limitations of Technical Understanding.-Great strides have been made in 
the engineering aspects of air-pollution control. Facilities have been devised for 
eliminating, to some degree at least, a large proportion of potential pollutants from 
waste effluents. New developments continue, directed toward solving the remaining 
problems and lowering the cost of treatment. 

Nevertheless there remain many unsolved problems. An outstanding example 
is the Los Angeles smog. Several million dollars have been spent to date in 
attempting to determine the cause of eye irritation, which is the basic complaint 
about the smog. Valuable information has been obtained from this research, but 
the smog components responsible for eye irritation have not yet been clearly 
established. 

Comparatively little is known about the effects of air pollution on animal or 
plant life or on property, but research aimed in this direction is gradually lifting 
the veil of ignorance. In the meantime it is illogical to impose arbitrary or uniform 
restrictions. Administrators of air-pollution control should be alert to apply  sig- 
nificant information as it becomes available, but always should keep their activities 
within the bounds of technical understanding. 

Phe Los Angeles situation should be a stern warning in this respect. By law 
the machinery for air-pollution control was created and set in motion. Before 
knowing the reason for the smog’s undesirable effects, arbitrary rules and regula- 
tions were decreed. In less than two years 12 million dollars were spent within 
Los Angeles county for the reduction and control of air pollution—all without 
knowing what to correct! It is not surprising that even this large sum did not 
effect a cure 

6. Right of Local Option —The report of a recent survey of stream-pollution 
control activities contains the following °: 

Phe principle was expressed by practically all governmental authorities that where a stream 

polluted by an industry upon which the life of a community depends, it is better to permit 
some degree of pollution and maintain the community, than to abate the pollution and destroy 
the community Phe principle was more picturesquely expressed by one of the general public 


asked if the deathly stench from a nearby pulpmill was not unbearable. 


“Yes” was the reply, “but it’s less unbearable than the deathly stench from a dead town.” 


This principle is equally appropriate in the realm of air pollution. If it can be 
demonstrated that reducing pollution to an innocuous level is not economically 
feasible, the people whose livelihood would be affected should have a voice in decid- 
ing the outcome. 

7. Responsibility — Regardless of the mechanism by which air-pollution control 
is administered, the ultimate responsibility for limiting the release of pollutants to 
tolerable quantities must rest with the operators of the units from which the pollution 


5. Babbit. H. | The Administration of Stream Pollution Prevention in Some States, 
presented at the Sixth Industrial Waste Conference, at Purdue University, February 21, 1951. 
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comes: However, in some instances, as in Califorma, there has been reluctance to 
give industry latitude in discharging this responsibility. A reflection of this attitude 
is the permit system, which in effect licenses limited pollution, entailing approval 
of complete design plans, operation under temporary variance permits, issuance of 
final permits, and other time- and money-consuming features that are burdensome 
to both administrators and operators, and wholly unnecessary. 

One recent article by public officials pleads that ‘no administrative agency is so 
well staffed that it can ferret out each new pollution source by field observations 
alone,” and indicates the need for a system that will “put the administrative agency 
on official note of each new pollution source." ” This is a reasonable position to take, 
and a plan discussed in a section to follow indicates how this can be done with 
minimum effort and yet leave the responsibility for proper control of emissions 
where it belongs, squarely on the shoulders of the operator. 

Statement of Law in Principle: In brief, the fundamental basis for an air- 
pollution law might be characterized as follows: 

Pollution of the atmosphere to the detriment of health or property shall be 
unlawful. This shall not be construed as contrary to the reasonable or natural use 
of air for dispersing waste products within the proper capacity to do so. Each 
localized area, 1. €., affected by the same sources of pollution, shall be considered 
unique, and pollution within the area shall be judged on the basis of its specific 
effects. The requirements for pollution reduction and control shall remain within 
the bounds of scientific knowledge and economic feasibility. The responsibility for 
proper control of emissions shall lie with the potential offender. Where community 
livelihood would be adversely affected by drastic reduction of air pollution, the 
right of local option is to be exercised in determining the extent to which reduction 
of pollution shall be required. 


Il. ORGANIZATION 


In keeping with the foregoing fundamentals, legislation for the reduction and 
control of air pollution can best be achieved by embodying the following seven 
cardinal principles : 

1. Creation of a state bureau staffed with technical personnel. 

2. Establishment of localized air-pollution zones. 

3. Appointment of local air-pollution control commissions of representative com- 
munity people for each local pollution zone. 


4. Registration of points of emission. 


mn 


Granting of reasonable right to enter private property. 

6. Action by the state bureau with the consent of the local control commissions 
to first recommend and then through the courts enforce specific requirements 
to achieve a particular objective. 


7. Cooperation in technical advancement through the state bureau. 


1. Creation of a State Bureau.—Air pollution is strictly a localized problem, 
unique to the particular locality and to the economy of the community. However, 
in view of its technical complexity, the cost of adequate physical facilities for dealing 

6. Stern, A. C., and Greenburg, L.: Air Pollution—The Status Today, Am. J. Pub. Health 
41:27 (Jan.) 1951. 
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with it from an investigative point of view is so great that these facilities would be 
prohibitively expensive for all but a few heavily populated centers. It has been 
estimated that a population of at least 100,000 is necessary to support a minimum 
air-pollution control unit... Therefore, as a matter of principle it is impractical to 
consider establishing independent air-pollution control administrations exclusively 
at the local level. It follows logically that the proper place to establish technical 
facilities for measuring air pollution and appraising its effects is within an agency 
of the state government. The unit so constituted, hereinafter referred to as the 
state bureau, would consist largely of technical personnel. The administrative 
director of the state bureau should have the qualifications of a professional engineer 
whether or not the office is appointive. To effectuate the results of the bureau's 
activities, the services of an executive secretary, preferably a lawyer, would be help- 
ful. Technical statis of large cities could augment the efforts of the state bureau 
where these municipalities might constitute or be included in localized air-pollution 
ZONES 

Usually localized pollution areas will include parts of more than one municipality 
or county, State investigative authority avoids the complications of dealing with 
ditterent political entities within a given area. In some instances a pollution area 
may include portions of two or more states; thus an adequate law should provide 
for cooperation with other states, or even other countries, in dealing with mutual 
problems 

The proper location of the state bureau within the state government is best left 
to individual states to decide. In some cases it may be preferable to place these 
responsibilities in an existing department, whereas in others it may be better to 
establish a separate bureau. 

2. Establishment of Localized Air-Pollution Zones.—As already indicated, air- 
pollution problems are unique to each locality, depending upon the character and 
the amount of emitted material and the presence and the relative location of subjects, 
hoth animate and inanimate, which can be affected by the emissions. Accordingly, 
a localized air-pollution area should comprise an area where there is a reasonable 
sameness of the problem, 1. e., an area attected by emissions from essentially the 
same SOUrCES 

\n air-pollution zone should be established by the state bureau only where care- 
ful study and survey show that air pollution is excessive in the sense previously 
discussed, and where it 1s recognized by the residents as constituting a problem 
needing attention and action, To guard against arbitrary action, public hearings 
should be held regarding the propriety of establishing the proposed zone, so that 
people in all segments of the area that might be affected can make their feelings 
known. The decision of the state bureau could be made subject to confirmation by 
a direct referendum if desirable. Once established, the boundaries of a zone should 
not necessarily remain permanent, and the state bureau should keep alert to chang- 
ing conditions in and near the zone. 

3. Appointment of Local Air-Pollution Control Commissions.—To help the state 
bureau preserve the unique character of each air-pollution zone and to better serve 
local interests effectively, an air-pollution control commission should be appointed 


within each zone so established. The commission, appointed by the governor or as 
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otherwise provided, should represent a fair cross-section of the interests in the zone. 


It is suggested that the commission consist of seven men as follows: 


(a) A municipal official 

(b) A county official representing the public. 
(c) A public-health official | 

(d) A representative of local agricultural interests. 


(e) A public-utilities representative. 


(f) A representative of industry—an executive. 


(g) A representative of industry—a technical man, such as a professional 


engineer, 


All members of the commission should either live in the zone or be directly 
affiliated with interests in the zone; it probably would be helpful if at least one of 


these seven men is a lawyer. The administrative director and the executive secre- 


tary of the state bureau should be nonvoting ex officio members of each commission 
established in the state, with the executive secretary serving as secretary for each 


commission for the purpose of integrating the records. 


Presumably commission members should serve without pay but receive expenses. 


Their terms of office should be staggered to permit change in personnel but assure 


continuity of action. 


The primary duties of the control commission should be to correlate the technical 


services of the state bureau with the viewpoint and needs of the pollution zone. 


When specific recommendations for decreasing excessive emissions are in prepara- 


tion in the state bureau, as discussed in a section to follow, the commission should 


advise the state bureau regarding the effect of these recommendations on the interests 


and economy of the zone. The commission should be empowered to validate by 


majority opinion recommendations which are in the over-all best interest of the 


zone, or to invalidate, similarly, recommendations failing to meet this qualification. 


Once validated, recommendations should take the form of directives for corrective 


action. An important function of the commission should be to work with the oper- 


ators involved in order that compliance may be achieved with maximum promptness 


and minimum cost. 


The commission should hold public hearings on major problems so that the 


state bureau can be better informed of local sentiment. The commission should 


by all means keep the communities within the zone fully advised of progress so that 


local people and industry can better appreciate the objectives and activities of the 


state bureau. 


4. Registration of Points of Emission.—Intelligent promotion of remedial meas- 


ures of air-pollution control must be based on recognition of specific undesirable 


effects and their causes. In order to act effectively, the state bureau must be 


informed about the wastes that are being emitted to the air throughout the state. 


This can be accomplished most efficiently by requiring that each point of emission 


be registered with the bureau. The data called for should include (a) location. 


(b) size of outlet, (c) height of outlet, (d) rate of emission, and (e) composition 


of effluent. 


Registration should be done on a state wide basis vo aid the state bureau in 


defining localized air-pollution zones, and to facilitate correlating undesirable effects 
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with the sources of pollution that are responsible. Certain emissions should be 
exempted from registration, such as single, nonrecurring ones, accidental discharges, 
safety vents, small units, etc., the details of which are probably best left to the state 
bureau. 

\s a precaution against obsolescence of registered data, it should be incumbent 
upon each operator to reregister as often as necessary to keep the registered data 
representative of current operating performance. 

linissions expected from new installations should be registered as far in advance 
of operation as is feasible, e. g., upon completion of design. This requirement is 
logical in that it puts a curb on excessive emissions before they occur—prevention 
is better than cure--by ensuring due consideration of air-pollution control in the 
planning of new installations. If the expected emissions appear excessive to the 
state bureau, the bureau should issue a warning to. this effect. Such a warning, 
on record also with the local air-pollution control commission, would be a strong 
deterrent to an operator’s proceeding without being certain that adequate provision 
has been made for air-pollution control. If the operator remained convinced that 
his emissions would not be harmful, however, coercion should not be applicable until 
actual proof of harmful effect is established. Registration of actual emissions should 
be required as soon as representative operating data can be obtained. 

This plan is superior in every respect to a permit or licensing system. It pro- 
vides the state bureau with the information needed without the trouble of reviewing 
plans, processing applications, and issuing permits, the time and talent for which 
can be much more fruitfully spent in seeking solutions to problems revealed by the 
registered information. At the same time the operator has maximum freedom of 
action in meeting the problem, and is not called upon to reveal extraneous informa- 
tion about raw materials, processes, equipment, or products, which often are secret. 

5. Granting of Reasonable Right to Enter Private Property—¥for the purpose 
of examining points of emission, personnel of the state bureau and of the local air- 


pollution control commission should have the right to enter private or public prop- 


erty, subject to reasonable limitations so as not to infringe unduly on the historic 
sanctity of private property. 

The conduct of investigating personnel should conform to established regulations 
(e. g., where special safety or fire precautions may be required) and cause a mini- 
mum of interference with operations. 

6. Action by the State Bureau.—\When registered information and investigation 
contirm a cause-and-ettect relationship between a certain emission and detrimental 
effects within a pollution zone the state bureau should recommend that the partic- 
ular emission be decreased to an indicated level. This recommendation should be 
issued only aiter scientific investigation compels the conclusion that compliance 
will substantially lessen an unreasonable degree of air pollution and will not consti- 
tute an unfair or unreasonable economic burden on the offender or the community 
as a whole. After validation by the local air-pollution control commission, the 
recommendation, in the form of a directive, should be sent directly from the state 
bureau to the offender. 

enforcement of directives through court procedure should be provided for in 
detail within the law. For example, if the offender advises the state bureau within 
60 days of intention to comply, no further action may be taken so long as the 
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offender manifests in good faith an intention to comply and acts with reasonable 
diligence ; if the offender fails to advise the bureau within 60 days that he will 
comply or, having so advised, fails to proceed with reasonable diligence to eftect 
compliance, the state bureau may be authorized to petition a designated court to 
etfectuate the directive. Procedural provisions should cover expediting court review 
and decision to avoid unnecessarily prolonged litigation and delay ; e. g., the statute 
might provide that an appeal shall be heard by the appellate court within 45 days. 

The state bureau should be prohibited from issuing blanket regulations or 
restrictions and thus applying standards wholesale. 

With the local air-pollution control commission acting as intermediary between 
the state bureau and the offender, it is contidently expected that the responsible 
party controlling the source or sources of offensive emission, utilizing scientific 
information accumulated by the state bureau, will act in good faith to remedy the 
situation. So far as may be possible the state bureau should respond to requests 
from operators for technical assistance in solving their air-pollution problems. 
Obviously, the best way to solve the over-all problem of air pollution is through 
whole-hearted cooperation, and a good law ought to provide a framework within 
which such cooperation can be fostered. 

7. Cooperation in Technical Advancement.—Recognizing that advancement of 
technical knowledge is vital to solving the over-all problem of air pollution, the state 
bureau should (a) conduct investigations of both the control and the effects of air 
pollution and assist in solving the technical problems of air-pollution control within 
the state, (/) consult and cooperate with other branches of the state government 
and with other groups in furthering the objective of the air-pollution control law, 
(c) assemble and distribute information about air pollution and its control, (d) 
represent the state in dealing with interstate air-pollution problems or in cooperating 
with international commissions. 

Beyond these seven cardinal points, an air-pollution control law needs additional 
provisions, such as penalties for failure to register emission sources (enforcement 
of state-bureau directives shoula be left to the courts), use of state funds as well as 
authorization to receive funds from other sources, both public andj private, a state- 
ment of the relation of the statute to existing laws and ordinances, a statement of 
separability regarding the various provisions, ete. 


AUXILIARY PROVISIONS 


1. Zoning.—In locating a new industrial plant, increasing attention is being 
given to selecting a site where air pollution will not offend an existing community. 
The operator has no assurance, however, that residential developments will not 
creep closer and closer to his plant, causing him to make additional expenditures 
for air-pollution control and neutralizing one of the economic advantages which 
entered into his original decision about plant location. 

For years zoning ordinances have prevented industry from moving into 
residential areas and adversely affecting property values. Only recently has atten- 
tion been given to zoning regulations which would prohibit housing in designated 
industrial areas. [:ncouragement of such ordinances in an air-pollution control law 
should help eliminate future problems. 

2. Rapid Amortization of Pollution-Control Facilities —Only rarely does the 
investment in facilities for limiting and controlling air pollution become financially 
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self-supporting, ¢. g., through by-product recovery. Accordingly, the cost is usually 
reflected in higher prices of the finished products. 


There is an alternative which can at least partly compensate for the added 
cost, and should be appropriate inasmuch as air-pollution control is in the public 
interest. This lies in providing for rapid amortization of the cost of facilities instal- 
led specifically for this purpose as direct encouragement to provide for air-pollution 


control, Obviously, any measure pertaining to federal taxes is outside the province 
of a state law, but accelerated amortization—for income-tax purposes—of industrial- 
waste treatment installations has already been proposed as an incentive to prevent 
water pollution.’ 


7. U.S. Senate Bill No. 1472 (Kefauver), 82d Congress, First Session. 


34 
re 
i 
| 
ag 
} $ 
t 
i 


DEPOSITION OF SILICEOUS DUST IN THE LUNGS OF THE 
INHABITANTS OF THE SAHARAN REGIONS 


A. POLICARD 
AND 


A. COLLET 
PARIS, FRANCE 


HI PRESENT paper is devoted to the study of certain changes in the lungs 

that were observed in persons who live in the sandy Saharan desert regions 
where the vent ‘de sable blows, and to the suggestions based on these facts with 
respect to the pathogenesis of silicosis. 


OUTLINE OF PROBLEM 


In North Africa (Sahara) there are desert regions where the soil consists 
mainly of silica sand. These are the regions of the dunes. A violent wind from the 
south blows up the sand and keeps it suspended in the air. That is the vent de sable 
which has been frequently described by geographers and meteorologists. The amount 
of sand raised by the wind is so considerable that men and animals deprived of 
shelter may suffocate (Jotten and Arnoldi 

Wind and dust are natural to the desert regions of North Africa. 

In the desert, the irregularity and turbulence of the wind are well known. Its 
cyclonic type favors the formation of dust clouds and imparts to them a vertical 
impulse which lifts them high into the atmosphere. The heavy clouds of dust which 
settle to the ground are considered by the natives as genuine evil spirits. They are 
called the djinns valseurs (Gautier *). This wind which blows in sudden and tur- 
bulent gusts is constant over the entire northern region of Africa where it has been 
called variously Algerian sirocco, Saharan Cheheli, Egyptian Klamsin (or wind 
from the Lybian desert), Harmattan, Simoun, and other names. 

In the desert, two types of dust are observed: (1) The sand proper from the 
ground and from the dunes is formed of spherical particles which are relatively large, 
about 100 to 200 ». These grains consist 80 to 88% of silica (SiO,), 2.5 to 4.6% 
of ferric oxide (FesO,), and 7.4 to 9% of calcium carbonate (CaCO,). It is the 
ferric oxide which gives a reddish color. The diffractogram, according to the 
Debye-Scherrer technique, shows the presence of quartz (Fig. 24). 

From the geological point of view, this sand originates from the disintegration 
of the Saharan red sandstone due to the considerable variations of the temperature 
in these regions. The sand grains are particles of sandstone. 


From the Study and Research Center of the French Coal Mines. 


1. Jotten, V. W., and Arnoldi, W.: Schriften Gesamtgebiet Gewerbehygiene (New Series), 
No. 16, Berlin, Springer-Verlag, 1927. 
2. Gautier, T.: Le Sahara, Paris, Payot & Cie, 1928 
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The grains are too large to reach the alveoli of the lungs of the persons who 
inhale the sand. They remain in the trachea and in the bronchi. This fact may be 
demonstrated easily in sheep, which must cross the dunes in order to change their 
pastures. One of us working with Velu, has described the mucosa of the trachea 
and of the large bronchi of these sheep, as being covered with a layer of sand grains 
and mucus, a fact which is well known in North Africa. (Policard and Velu *). 

2. Besides the grains of sand, true dust of less than 3 ~ may be found. It results 
from the wear and disintegration of the grains of sand. 

The amount of this fine dust has not been studied systematically. But two facts 
are none the less certain: The dust is always present, and its concentration in air 
varies considerably according to the violence of the wind, which is usually great in 
these regions. 

The geophysicists and geographers have studied these dusts ( Blacktin *) care- 
fully. The particles are entrained by the vertical air currents and carried high into 
the atmosphere. They thus can be carried very far. Dust of Saharan sand has 
been collected far in the North, in Provence in France, in England, and in Ger- 
many. The “rain of blood” of legend was in reality the settling of red ferruginous 
dust from the Sahara. 

During a strong east wind, rain of extremely fine dust from the desert falls on 
ships in the Atlantic well off Mauretania and Rio del Oro, 100 to 200 miles (160.9 
to 321.8 km.) west of Africa. The eastern side (i. e., windward) of these ships 
becomes covered with a tenacious layer of reddish dust. 

Travelers crossing the regions of the desert know very well that this extremely 
fine dust gets into watches, photographic apparatus, etc., and damages them. It is 
not grains of sands from the ground which cause damage, but the much finer dusts 
which remain in suspension in the air. 

There are certain regions in the North of Europe (for instance, the shores of 
Friesland in the Netherlands which Landwehr® has studied recently and about 
which he has written interesting papers) where the soil consists of sand. But in 
these regions of sand dunes, always at the seashore or in rainy regions, the condi- 
tions of the atmosphere are different. The rain very rapidly lays the fine particles 
produced by the disintegration of the sand grains. They settle into the sea or on 
moist soil. They do not remain suspended in the air as in the North African desert. 

We have collected and examined microscopically this fine air-borne Saharan 
dust, particularly dust from Tafilalet (region of Ksar-es-Souk) and of the borders 
of Algeria and Morocco (the region of Bou-Denib). The fine dust collected on 
slides during a relatively calm period consists of particles of 2 to 12 ». These parti- 
cles contain quartz, as has been demonstrated by x-ray diffraction (Figs. 14 and 3). 

In contrast to the sand itself, the fine silica dust passes the respiratory tract and 
reaches the alveoli. 

The histopathological observations which will be reported support this fact. 
Furthermore, they help explain the behavior of lung tissue in the face of such silica 
dust exposures. 


3. Policard, A., and Velu, H.: Ann. anat. path. 15:859, 1938. 
4. Blacktin, S. C.: Dust, London, Chapman & Hall, Ltd., 1934. 
5. Landwehr, M.: Bull. Inst. Hyg. Mines Hasselt, No. 10, p. 8, 1949 
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Fig. 3.—Dusts obtained from the air in Ksar-es-Souk (Tafilalet, Morocco). Large 
of sand and tine dusts are seen. Magnification, about 200. 


hig. 4—Lung of Abderbi ben Ali (Case 1), showing particles deposited in the periarterial 
sheaths. Magnification, 30. 
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HISTOPATHOLOGIC OBSERVATIONS IN) MAN 


In order to prove that these dusts are deposited in the lungs, the lungs must be 
examined microscopically. This is easy under the customary conditions in our 
country, but not in Sahara, for two reasons. First, the desert population is sparse, 
and thus the number of cases in which necropsy may be performed is reduced. 
Second and most important is the religious law. In Moslem countries the Koran 
forbids dissection of corpses. Necropsies may be performed only with the greatest 
difficulties and with great risk to those who perform them. 

Thanks to the collaboration of the military physicians who provide medical 
services in these regions, | obtained the lungs of four goumiers, members of the 
native mounted police. These men ride dromedaries and patrol Southern Oran, i. e., 
the regions in the extreme south of the Sahara and the territories south of the Atlas 
mountains, sandy desert regions where the sirocco, a strong, dusty, and hot wind 
blows. 


Our observations in four of the cases were as follows: 


Case 1—Abderbi ben Ali was a native mounted policeman in the Sahara force of Haut Guir. 
He had lived all his life as a nomad in South Oran. He died at the age of 30 from acute pneu- 
monia (Fig. 4). 

Cast 2.—M’'Barka ben Kebir, an old “Hartani” (a descendant of black slaves captured by 
the Moors), always had lived in the region of Bou Denib, in a desert region of sand where 
the sirocco blows. He died at the age of 60 from cancer of the liver. He had been working 
except for the last two weeks preceding his death (Fig. 5). 

Case 3—Khalifa ben Farradji was a native mounted policeman from Maghzen. He had 
always lived in the sandy desert region of Colomb-Bechar. He died at the age of 40 from 
an injury. 


Cask 4—X .... , 3880, a native mounted policeman in South Oran, had always lived in 
the sandy regions of the South. He died at the age of 30 from an injury (Fig. 6). 


We have been able to observe only these four cases. All the lungs presented 
similar changes, thus suggesting a highly general character of the sand dust absorbed 
by the inhabitants of the Sahara regions. 

In all these lungs, the following facts regularly were observed: (1) absence of 
any lesion of silicotic type, particularly of silicotic nodules; (2) presence of accu- 
mulated dust particles in the periarterial and peribronchial sheaths. The sections 
remind one of the classic pictures of the lungs of coal or iron miners, but with the 
difference that the masses of the dust particles of sand are much smailer and less 
numerous (Figs. 4 and 5). Microincineration gave abundant ash at the sites of 
these masses. 

The study of these sections by the histospectrographic method revealed beyond 
doubt the presence of the element silicon in these masses. 

The identification of quartz by the Debye-Scherrer method of x-ray diffraction 
was much more complicated because of the small amount of silica present. Some 
diagrams yielded only doubtful results, while others were definitely positive 
(Fig. 2B). 

These observations thus show the absence of any pulmonary reaction of the 
classic silicotic type opposing the particles of free silica. 

We have, of course, performed animal experiments in order to study the harm- 
fulness of the sand dust from the Sahara desert. 
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Lung of M’Barka ben Kebir (Case 2). Magnification, 200 


0. 3880). Note dust cells containing sand. Magnification, 250. 
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Pig. O—Lung of Case 4 
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EXPERIMENTAL RESEARCH 

In the study of the potency of the various rocks, we have been able to appre- 
ciate the biological value of the Miller-Sayers peritoneal test. We also used this 
method as a test for the potency of the desert sand. 

By differential sedimentation in water and concentration of the supernatant 
fluid by centrifugation we have isolated particles of less than 2 to 3 » from sand 
collected in the territory of Tafilalet (south of Ksar-es-Souk), in the southern 
region of the Moroccan Atlas mountains. 

The peritoneal test has been given a trial with these fine dusts: An intraperi- 
toneal injection was made with 2 cc. of a suspension in isotonic sodium chloride 
solution. In all the cases the reaction was inert, i. e., without considerable local 
cellular manifestation or conjunctive proliferation. The reaction is of the same type 
as that produced by innocuous minerals, such as carbon. 

The Debye-Scherrer test showed the presence of quartz in the injected dusts 
and in the peritoneal nodules. 

The results can be referred to man: Although these dusts are made up of free 
crystalline silica, they are harmless to tissue. 


COMMENT 

The facts deseribed above permit the following conclusions : 

One sees deposits of mineral particles in the periarterial and peribronchial sheaths 
of the lungs of the persons who have lived for many years in the sandy desert 
regions of North Africa. These deposits do not present the aspect of silicotic 
nodules. They are similar to the deposits of carbon or ferric oxide. The subjects 
do not present a single sign of classic silicosis. 

The particles seen are crystalline silica associated with ferric oxide, 

The peritonea! test shows the harmlessness of particles of the same size as those 
in the sand of the regions inhabited by the subjects. ; 

One may conclude from these results that the silica dusts occurring in these 
regions lack the noxious effect usually exerted by the common silica dusts. 

The observations reported can be criticized in two respects. 

According to Landwehr, sand grains are too large to penetrate into the pul- 
monary alveoli. 

This is precisely the case with our sand grains. Following inhalation (and that 
takes place frequently when the vent de sable blows) they probably do not get 
beyond the large bronchi. But the atmosphere of the sandy deserts contains dusts 
which are much finer (5 » or less). These particles may easily reach the alveoli. 
They are then deposited permanently in the lungs. The difference between the 
atmosphere of the desert and that of the sandy regions along the seashore is due 
to the absence of these fine silica dusts at the seashore. 

On the other hand, it would be difficult to imagine the presence in the soil of a 
sand made up of free silica, and in the air the presence of different dusts made up 
of silicates. 

But then the question arises, why are the particles of crystallized silica not harm- 
ful? How can one explain this fact ? 

Two concepts present themselves : 

1. In 1938 Brammall and Leech® proposed a general concept concerning the 
action of silica dusts. Their harmfulness might be related to their surface area. 


6. Brammall, A., and Leech, J. G. C.: Tr. Inst. Mining & Metallurg., London 46:255, 1938 
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When the dusts are of recent origin (new dusts) and when the mineral particles are 
freshly tractured they are more noxious than old dusts whose fractured surfaces 
have undergone transformations or weathering. These changes remain to be 
described in full detail. 

The observations reported in this paper are in favor of Brammall’s concept. The 
desert sand ts a detrital sand always being moved around and displaced by the wind 
constantly blowing in these regions. The particles are subjected to the action of 
the sun, to the excessive heat of the day, and to the considerable coolness of the 
night. The sand dusts are typically old dusts. By Brammall’s concept one can 
explain their harmlessness, 

2. Another explanation is possible. 

The dusts of the desert are rich in iron. Even small deposits of these dusts 
have a slightly yellowish color. Chemically they are rich in iron. 

We may recall the well known harmlessness of the particles of ferric oxide. As 
already pointed out by Haldane,’ the presence of ferric oxide may reduce the toxicity 
of the associated silica particles. We may be dealing with a phenomenon similar to 
that recently observed with respect to aluminum (Denny, Robson, and Irwin *). A 
very thin layer of ferric oxide would suffice to make the silica harmless. 

This, to be sure, is still a hypothesis and requires confirmation. 

The conclusion to be drawn from these facts and their discussion seems to be 
as follows: 

The harmlessness of the silica dusts of the desert sand is indicated. In lungs 
these dusts behave like coal dusts. It is possible that, like coal, they may cause 
obstructive disturbances. 

The harmlessness may be explained by two mechanisms acting simultaneously : 
the “old” character of the dusts, and the constant presence of ferric oxide exerting a 
protective effect. 

The processes described in this paper are not exclusively confined to the deserts 
ot North Africa. It is desirable that their study should be made in other desert 
regions of the globe. 

SUM MARY 


In the lungs of the inhabitants of the sandy desert regions of North Africa one 
observes (four times in four cases) deposits of silica particles. These particles con- 
tained in the dust are lodged in the periarterial and peribronchial sheaths, exactly as 
the coal particles are in anthracosis and the ferric oxide particles in siderosis. Lesions 
of the silicotic type are not observed. 

The innocuous character of the fine sand dust from the desert may be demon- 
strated by the peritoneal test of Miller and Sayers. 

One may explain the harmlessness by the “old” character of the silica dusts or 
by the protective action of ferric oxide, which these dusts always contain. 

Help was received in this study from Dr. Sicault, director of the Service of Public Hygiene of 
the Moroccan Government in Rabat; Dr. Lalu, chief physician of the Medical Service of the 
Territory of Tafilalet in Ksar-es-Souk; Dr. Marion, member of the Service of Military Health 
within the Algerian and Moroccan boundries in Bou Denib and the veterinary surgeon Dr. Velu, 
member of the Service of Research on Cattle Breeding in Morocco. 


7. Haldane, J. S.: Tr. Inst. Min. Engin., London 55:264, 1918; Empire Mining & 
Metallurg. Congr., London, Proceedings II, p. 179, 1924. 


8. Denny, J. J.; Robson, W. D., and Irwin, D. A.: Canad. M. A. J. 37:+1, 1937. 
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QUEST FOR A SUSPECTED INDUSTRIAL CARCINOGEN 


CARROL S. WEIL, MA. 
HENRY F. SMYTH Jr., Ph.D. 


PITTSBURGH 
AND 3 
THOMAS W. NALE, MD. Fe 
NEW YORK 
> ARLY in the 1940's epidemiological evidence raised the suspicion that a car- : 


4 cinogen was present in the process involved in the production of isopropanol. 
The unit in question had been in operation since 1928, and when the first cancer - 
that occurred in an employee came to the attention of the plant medical personnel 
in 1937, the possibility that it was related to an occupational exposure did not 
suggest itself. However, when two other cancers (all three involving the respira- 
tory tract) and a nonmalignant papilloma became apparent in 1941 and 1942, there 
Was reason to suspect that a carcinogen was present in the process. 

Thereafter, minor and major changes were made in the unit and in its operation 
from time to time in the endeavor to reduce as much as possible human contact 
with all materials, by-products, and wastes employed in and resulting from the : 
process. However, it was obvious that if the offending substance was identified, > 
complete prevention of human contact would be easier to achieve. Therefore, \ 
chemical studies and experimental animal investigations were undertaken to confirm 
or disprove the suspicion of the presence of a carcinogen, with the hope that the 
offending substance could be definitely incriminated and the specific carcinogenic 
fraction identified. 

In addition to the changes that were being made in the unit, periodic exam- 
inations of employees working in the unit were instituted. These included a com- 
plete physical examination, blood counts, and chest and sinus x-ray studies. Workers 


noted to have abnormalities of the nose and accessory sinuses were referred to 


nose and throat specialists for more complete studies. The frequency of these exam- 
inations was later increased so that they were being made at six-month intervals. 
Several employees who presented evidence of chronic sinusitis were transferred 
from the unit, and employees who had been employed in the unit for long periods, 
were gradually transferred to other areas. The employees who had been transferred 
from a unit were and are being given physical examinations periodically. Further- 


From the Mellon Institute, Pittsburgh. 
Dr. Nale’s present address is 30 FE. 42d St.. New York 17. 
The chemical studies were made by E. J. Mills Jr., Ph.D., and Mr. H. T. Zika. The micro- 
pathological examination of fixed sections of mouse lung tissue was carried out by Campbell 
Moses, M.D. The mice were exposed to various fogs, dusts, and vapors by the aid of Mr. Urbano 
C. Pozzani. W. C. Hueper, M.D., contributed advice at the inception of the 


laboratory 
investigations. 
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more, since 1942 care has been exercised in the placing of employees in this unit 
and in new units for the same operation, to exclude individuals who present evidence 
of abnormalities of the upper or lower respiratory tracts. 


EPIDEMIOLOGY 


\ total of seven neoplasms of the respiratory tract had been noted through 
1950: one involving the lungs, four involving paranasal sinuses, and two papil- 
lomas-——one malignant and one nonmalignant—involving vocal cords. 

In all cases found to date the exposures started in the early 1930's, and to our 
knowledge none have occurred in which the principal period of exposure was sub- 
sequent to 1940. Three of the cases were diagnosed after the employees concerned 
had been transferred from the umit. A brief review of the cases follows. 


Case 1.—The patient had been exposed for more than seven years. He died in 1937 at the age 
of 31 years from primary carcinoma of the lungs, confirmed by autopsy. 


Case 2.—There was an exposure of six years. The patient died in 1941 at the age of 41, with 
a diagnosis of carcinoma of the sphenoid sinuses extending to the brain. No biopsy or autopsy 
was made 


Case 3.—The patient had undergone 11 years’ exposure. A nonmalignant papilloma (epithelial 
tumor) of the vocal cord was removed by snare in 1941, The employee died from accidental 
causes in 1945, without recurrence. 

Case 4.—FExposure continued for more than 12 years. Cancer of the ethmoid sinuses was 
diagnosed in 1942. A biopsy specimen was interpreted as Grade 3 adenocarcinoma. The patient 
died 144 years later, at the age of 36. 

Case 5.—-Exposure continued for 14 years. Cancer of the ethmoid sinuses was diagnosed in 
1945, four months after the patient had been transferred to another plant away from exposure. 
Biopsy reports made by several pathologists were inconsistent, but cancer was suspected. The 
patient was treated by limited surgical procedure and x-radiation. There has been no recurrence 
to date 

Case 6.—The patient had been exposed for 16 years. In 1946 a biopsy was reported as 
showing carcinoma of the ethmoid sinuses. The patient was treated by x-ray. He remained 
symptom-free until a recurrence in 1950. Biopsy revealed epidermoid (Schneiderian) cancer, 
Grade 4, at the same site. Radical surgical excision, followed by x-ray therapy, has been 
performed. 

Case 7.—The exposure covered 10 years intermittently, terminating in 1945. Cancer of the 
vocal cord was diagnosed in 1950. A biopsy specimen was interpreted as slow-growing epider- 
moid carcinoma. Laryngotomy was performed and one vocal cord removed. Serial sections 
showed tumor confined to a portion of the cord without extension. 


\ study was made of the records of all deaths which had occurred among the 
employees at this plant. This was based upon a review of insurance records 
of death claims for the 23-year period 1928 through 1950. These records did 


not include individuals who might have died after they were no longer employed. 


The total number of employees at this location varied from year to year. For 
example, 2,261 were on the payroll as of Dec. 31, 1938, while there were 6,165 
as of Dec. 31, 1948. 

There was a total of 258 deaths from all causes for the 23-year period. Of this 
number, 34, or 13.2%, were reported as having died of some form of cancer. Of 
the 34 who died of cancer, 5 were reported as having cancer of the respiratory 
tract. Two of the fatal cases mentioned above are included in this number; in 
the third case the patient died after transfer to another plant. 
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As far as the incidence of cancer deaths for the whole plant is concerned, it is 
consistent with the incidence reported by others. According to the United States 
vital statistics reports for 1948.) cancer caused 13.5% of deaths due to all causes 
and cancer of the respiratory tract was responsible for 9.6% of all cancer deaths. 
The upper respiratory and the alimentary tract were found to be the sites of 5.8% 
of all cancers in the Connecticut study covering the vears 1935 to 19462 

Dr Hayes Martin * reported that cancers of the paranasal sinuses occur with 
relative infrequency, comprising about 0.2% of all human cancers and about 3% 
of cancers of the upper respiratory and alimentary tracts. Growths in this locality 
are encountered more often in males (65% ) than in females, and in the age group 
60 to 70 years. The median age is reported to be 54 years. 

In the fatal cases reported from the unit considered in the present paper, one 
death occurred at 31 years of age, one at 36 years, and one at 41 years. The other 
patients who died were all in their early 40's. 

There were relatively few employees working in the unit in question at any 
one time, as only 25 were generally engaged in the entire operation. The records 
have been reviewed on several occasions and presently available information indi- 
cates that from the time the unit was started in 1928 through 1950 a total of 182 
ditferent men were employed. Of this number, 71 worked more than five years and 
37 more than 10 years in this unit. A high incidence of respiratory cancer is 
evident when it is considered that the three patients whose cancers were fatal plus 
the two surviving patients with cancer of sinuses and one with cancer of a vocal 
cord, or a total of six, were encountered among only 71 individuals working 
for more than five years in this unit. In other words, cancer of the respiratory tract 


developed in 8.4% of employees exposed for more than five years. 


THE INDUSTRIAL OPERATION 


The process conducted in the unit in question is the reaction of propylene gas 


and sulfuric acid to yield isopropyl sulfates, followed by the hydrolysis of these 
sulfates to yield isopropanol in dilute sulfuric acid. The substances which the work- 
men could have contacted are: 
1. Propylene gas—a raw material containing olefins, propane, ethane, and a trace of organic 
sulfur. 


2. Sulfuric acid—a raw material recycled after concentration, containing 0.2 to 0.5% organic 


matter with lead, copper, and iron, but no arsenic. 
3. Isopropyl sulfate—an intermediate; a mixture of mono- and di-sulfates. 
4. Isopropanol—the final product. 
5. Isopropyl ether—a by-product. 
6. Sulfur dioxide—from decomposition of isopropyl sulfate. 
7. Isopropyl oil—a somewhat volatile hydrocarbon by-product of the reaction of propylene 


and sulfuric acid. 


1. Death and Crude Death Rates for Each Cause in United States, 1946-48, Vital Statistics, 
National Summaries, Federal Security Agency, Public Health Service, National Office of Vital 
Statistics, Vol. 35, pp. 147-160, 1950. 


2. MacDonald, FE. J.: Present Incidence and Survival Picture in Cancer and Promise of 
Improved Prognosis, Bull. Am. Coll. Surgeons 33:75-93, 1948. 


3. Martin, H.: Cancer of the Head and Neck, J. A. M. A. 1837:1366-1376, 1948. 
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INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 
& Merrill oil—a high-boiling petroleum residue used as a heat transfer medium and, irregu- 
larly since 1938, in small quantities as an antifoaming agent to assist in the process. 
9. “Brown tar”—a hydrocarbon mixture suspended and dissolved in isopropyl oil, which prior 
to 1946 accumulated in small amounts on equipment at points where this oil leaked out and was 
concentrated by evaporation. 


10. “Black tar’’—a carbonaceous substance which floats to the top of the sulfuric acid before 
concentration for recycling. 


The fact that neoplasms had developed in the upper respiratory tract indicated 
the probability that the chemical agent responsible had been inhaled. Of the sub- 
stances listed only propylene, isopropyl ether, sulfur dioxide, and isopropanol are 
sufficiently volatile to allow inhalation of substantial concentrations of gas or vapor. 
However, any of the less volatile materials might be inhaled in the form of dust or 
of aerosol from entrainment in bubbles, by hot vapors encountered in the process 
during accidental spillage, during periodic clean-out operations, or the cooling of 
hot vapors. The frequency of involvement of the ethmoid sinus makes inhalation 
of particulate matter an attractive hypothesis. 

Carbonyl compounds have never been found in the process, but because of the 
sinus involvement they received early consideration. 


The operation contains no 
nickel, 


Iron carbonyl is, therefore, the only possibility. 


A mass spectrographic 
study of gases entering and leaving the operation detected no iron compounds. 


Accordingly, carbonyl compounds were not investigated further. 


The widespread industrial use of sulfur dioxide and sulfuric acid has not pro- 
duced a demonstrable increase of cancers and hence these materials were not 
regarded with suspicion. There was reason to suspect the presence of condensed 
henzene ring compounds in the isopropyl oil, the Merrill oil, and the two tars. 
\ccordingly, these materials were examined first, the less suspect propylene and 
isopropyl ether being left for possible future consideration. Obviously, isopropanol 
had to be included in the animal studies, although it was not suspected as a car- 
cinogen in view of its having been safely used for many years in rubbing-alcohol 
formulations. 

CHEMICAL STUDIES 


In 1946, studies were begun to determine the composition of isopropyl oil, brown 
tar, and Merrill oil. A search was made for known carcinogens and molecules 
similar in structure by fluorescence and ultraviolet ray absorption. As concentrates 
were produced they were sent to the laboratory for animal evaluation of their 
activity 


Mass spectrometric analysis of isopropyl oil revealed the main constituent to be 


polypropylene composed of three and four molecules of propylene. 


Present in small 
amounts, probably less than 1% 


each, were benzene, toluene, alkyl benzenes, poly- 
aromatic rings, hexane, heptane, acetone, ethanol, isopropanol, and isopropyl ether. 

It has been demonstrated that polynuclear aromatic hydrocarbons manifesting 
carcinogenic activity exhibit a distinctive spectral fluorescence pattern, differing 
somewhat in wave length among individual materials. It appeared logical to search 
for these characteristic banded fluorescent spectra. 

Isopropyl oil from one plant was distilled in successively smaller equipment 
while fluorescence was followed. The final distillation terminated at a kettle tem- 
perature of 400 C. at 2mm. Hg pressure, leaving a residue of 0.2 to 0.4% of the origi- 
nal volume, partly in the form of a sublimate with an intense yellow fluorescence. The 
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major part of the total fluorescence was concentrated in this residue, where it mani- 
fested the characteristic banded spectra of benzanthracene and the like, partly 
masked by a spectrally continuous yellowish fluorescence. 

A heptane solution of the residue was separated chromatographically on alumina. 
The forerunnings of the elutriated washings gave a strongly banded bluish fluores- 
cence, while later washings had the yellowish, spectrally continuous fluorescence. 

Distillation followed by chromatographic treatment of the brown tar yielded a 
residue with the same banded fluorescence. 

Merrill oil was found to yield a similar high-boiling residue, amounting to 3% 
of its volume. Chromatographic fractions were identical in fluorescence with those 
from isopropyl oil. When mixed with residue from isopropyl oil, the Merrill oil 
residue could not be distinguished by chromatographic behavior. This was pre- 
sumptive evidence of chemical identity, and at one time was believed to demonstrate 
that the fluorescent material in isopropyl! oil originated in the use of Merrill oil in 
the process. In a second plant, however, Merrill oil had never been used, but a 


residue was obtained from its isopropyl oil identical with that from the first plant. 


Accordingly Merrill oil cannot be the only source of material with a banded fluores- 


cence like that of benzanthracene. 


Chromatographic fractions of isopropyl oil were found to contain 86.8% carbon 


and 12.0% hydrogen and to have a molecular weight of 276 or 338, depending on 


the method of determination. The theoretical ratio for polypropylene is 85.7% 


carbon and 14.3% hydrogen. Infrared absorption indicated the presence of some 


aromatic or conjugated unsaturated aliphatic structure. No picrate salt characteris- 


tic of polynuclear rings was obtained from the residue of 340 Ib. (154 kg.) of 


isopropyl oil. A high refractivity constant, associated with carcinogenic properties 


in some petroleum oils, was characteristic of the distillation fraction having the 


greatest aromatic content as revealed by the mass spectrometer. In 1948 chemical 


work was halted at this point, and small chromatographic and other samples were 


submitted for mouse injection. A total of 30 samples has been tested. These are 


listed in Table 2 in the section on animal work. 


PROCEDURES USED IN ANIMAL INVESTIGATION 


With the aforementioned epidemiological evidence at hand, it was deemed advis- 
able to initiate animal experiments in an attempt to characterize the offending agent. 


It was realized, as Fieser * stated, that the relationship between results observed in 
animals and those of human cancer is unproved. Furthermore, in 1948 Salter ° 
concluded 


despite a wealth of data indicating carcinogenesis in man from crude mixtures, only 


three unadulterated agents have thus far been proven carcinogenic for man. These are (a) 
radiation, (b) beta-naphthylamine and (c) arsenic. Chemical compounds which are outstanding 
carcinogens in rodents have usually proven ineffective in other species and have not been shown 
effective in man. Therefore, carcinogenic activity in rodents should not be used as a criterion 
of possible danger to man; nor should its absence in rodents be regarded as valid evidence of 
safety for human workers. At present, the only valid type of evidence of danger of carcino- 
genesis in man is carefully analyzed epidemiological data. 

4. Fieser, L. F.: Hydrocarbon Carcinogenesis, in Research Conf. Cancer (1944) pp. 108- 
116, 1945. 

5. Salter, W. T.: Chemistry of Carcinogens, Occup. Med. 5:441-465, 1948. 
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While the above viewpoints were tentatively accepted, nevertheless it seemed 
advisable to attempt to determine which parts of this industrial process offered the 
greatest hazard to humans. For obvious reasons, animals were the only available 
source of experimental indications of carcinogenic activity of the several pertinent 
chemicals, their fractions, and derivatives. Furthermore, it seems plausible that 
the absence of human cancers caused by the known active rodent carcinogens may 
be the result of careful industrial handling of these materials. Also, when a particular 
sample is inactive, it is possible that some co-carcinogen, in itself inactive, could 
produce a reaction when combined with the sample. However, it seemed most 
practical to begin the careful screening of the individual chemicals and their fractions 
separately using mice as the test subjects—before considering the possibility of 
co-carcinogenicity. 

\s the human experience in this case indicated the possibility that a predilection 
had been shown by the inciting agent for mucous membrane and pulmonary tissues, 
emphasis im these studies was placed on the possibility of inducing pulmonary 
tumors in mice. Andervont © stated that lung tumors can be induced more frequently 
in those strains of mice in which they have a tendency to develop spontaneously. 
He also pointed out that the test animal must present a special organ susceptibility 
to tumor growth before a carcinogenic hydrocarbon is able to elicit lung tumors in 
any considerable numbers. For example, he reported that strain Cs; black is known 
to be very resistant to the development of all spontaneous growth and that in 
his laboratory no lung tumor has been induced in them by the subcutaneous injection 
of a lard-dibenzanthracene solution which was tumorigenic in other inbred mouse 
strains. He stated, furthermore, that even in strains of mice having a high tumor 
incidence tumors do not occur spontaneously before the animals are 13 months of 
age. 

A review of Hartwell’s* survey of the compounds which have been tested for 
carcinogenic activity indicated that far more positive results were produced in 
mice as opposed to other species of test animals. Furthermore, the subcutaneous 
injection route produced a greater percentage of positive results than did intra- 
peritoneal, intravenous, or inhalation techniques. Shear * reported on experiments 


in which several chemicals were injected subcutaneously in one group of mice 
and painted on the skin of another group. He stated that the latter method was 
considerably slower in tumor production than the former. Furthermore, in the 


routine of examining compounds for carcinogenic potency he employed the sub- 
cutaneous technique. Bradbury, Bachmann, and Lewisohn ® tested chemicals by 


the two routes and stated that skin painting took about two months longer to produce 
tumors than did subcutaneous injection. It was suspected, as previously stated, 

6. Andervont, H. B.: Pulmonary Tumors in Mice: Susceptibility of Lungs of Albino Mice 
to Carcinogenic Action of 1, 2, 5, 6-Dibenzanthracene, Pub. Health Rep. 52:212-221, 1937; 
Pulmonary Tumors in Mice: Influence of Heredity upon Lung Tumors Induced by Subcuta- 
neous Injection of Lard-Dibenzanthracene Solution, ibid. 52:304-315, 1937. 


7. Hartwell, J. L.: Survey of Compounds Which Have Been Tested for Carcinogenic 
Activity, National Cancer Institute, Federal Security Agency, U. S. Public Health Service, 1941. 

8. Shear, M. J.: Studies in Carcinogenesis: 
Am. J. Cancer 33:499-537, 1938. 


9. Bradbury, J. T.; Bachmann, W. E., and Lewisohn, M. G.: The Production of Cancer by 
Some New Chemical Compounds, Cancer Res. 1:685-694, 1941. 


V. Methyl Derivatives of 1: 2-Benzanthracene, 
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that the most likely portal of entry of the carcinogen was the respiratory tract. 
However, the inhalation technique is time-consuming and, as Hartwell’s* review 
shows, it has produced fewer positive results than injection. With this in mind, 
and fully realizing that for each source quoted there is probably a corresponding 
refutation, we arbitrarily decided to use mice and the subcutaneous injection for 
the preliminary testing. Strains susceptible to tumor (pulmonary and mamunary ), 
as well as non-tumor-susceptible strains, were decided upon—the former to be 
tested for accelerated tumor formation in pulmonary tissue and the latter for the 
possibility of attaining positive results in a resistant strain, 

The strains of mice used and their sources are given in Table 1. Strains CFW, CF,, and 
ABCT (Table 1) were not used for the first experiments but were utilized later, after the fire 
in the Roscoe B. Jackson Laboratory made Strains CsH, ABC, and Cs black unavailable to us. 

As it appeared that positive results had been attained most frequently by other workers in 
this field in male mice, only this sex was used. All mice were delivered at approximately 
1 month of age and were housed in the laboratory two additional months prior to their first 
dose. The strains highly susceptible to development of tumors were killed for examination at 
8 months of age; the Cs; black and, in some experiments, the CF; mice, at 12 months of age. 


Taste 1.—Strains of Mice Used in Experiments and Their Sources 


Reported 
Spontaneous 
Tumor 
Strain Source Production 
Roseoe B. Jackson Memorial Laboratory, Maine High mammary 
Roscoe B. Jackson Memorial Laboratory, Maine High pulmonary 
Roscoe B. Jackson Memorial Laboratory, Maine Low 
Carworth Farms, New York High mammary 
Carworth Farms, New York Low mammary 
ABCT... ‘ eeienas W. M. Todd, California Similar to ABC 


Three inhalation experiments, as well as seven subcutaneous-injection studies, were made 
on mice. After the small-animal program was well under way, the most suspected materials 
were administered to dogs via inhalation and direct sinus instillation. Of many previous experi- 
ments of other workers attempting to produce tumors in dogs, few were successful. In this 
study, five dogs per inhalation group employing samples from two plants were exposed for one 
hour once a week to a fog of isopropyl oil nebulized by a battery of four vaponefrin® nebulizers. 
A concentration of approximately 0.012 ml. per liter was attained. Four additional dogs received 
monthly instillations of 1l-ml. amounts of an isopropyl oil sample directly into their maxillary 
sinuses. All groups of dogs were treated for two years, rested for approximately one additional 
year, and are currently being treated again with the oil sample. 

The samples tested by subcutaneous injection in the mouse studies were administered undi- 
luted when possible in 0.025-ml. amounts in the inguinal region for 20 to 40 weeks. If the 
samples were solid in nature or if they were chromatographic or distillation concentrates, they 
were suspended or dissolved in the fraction of edible lard (one brand throughout) that melted 
at or below 37 C. As the quantity of these concentrates was limited, the samples were dissolved 
in lard and were administered subcutaneously in the right axillary region of mice in as many 
doses as the quantity of each permitted—usually two to six biweekly doses of 0.25 ml. of lard 
that contained 4 to 8 mg. per milliliter, of the sample. No-treatment and lard-treatment control 
groups of each strain of mice were used for each injection study; air-exposed controls of each 
strain were used in each inhalation study. 

In the inhalation studies the mice were exposed five days a week, three to seven hours a day, 
for five to eight months. Aerosol fogs of the oil samples from two plants were produced by 
nebulizing the liquids with vaponefrin® atomizers. The average particle size delivered was 
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reputed o range from 0.3 to 2 # with a few particles being delivered above 2 4. When iso- 
propanol was nebulized, it was completely vaporized, while isopropyl oil and isopropyl sulfate 
produced dry aerosols. Dust concentrations of “brown tar,” ground in a hammer-mill, were 
produced by an agitated elutriator.1! Control of the dust concentration was accomplished by 
continuous sampling of the chamber atmosphere with a filter-paper dust sampler and adjusting 
the dilution air tlow to achieve the desired concentration 

The mice were dispatched for examination by ether inhalation. No mammary tumors were 
found. At autopsy the lungs were grossly examined under a xX 3 magnifying glass. Areas 
suspected of being tumorous were sketched on a chart. The entire lung was then placed in 
formaldehyde fixative. After one week's fixation, the lungs were again examined grossly, and 
those that were tumorous, questionably tumorous, or infected were embedded, sectioned, stained, 
and studied microscopically. Only the lungs of those mice that survived until killed were 
examined microscopically. Seventy-nine per cent of the 4,941 injection mice and 67% of the 
2.017 inhalation mice survived. In the first inhalation study, the lung tissues of 52 mice that 
died were examined microscopically, and 92% of these showed inflammation produced by infec- 
tion of the lung; the other 8% were normal. Only 3 of the 52 had tumorous or questionably 
tumorous areas-—an incidence no greater than that in the mice that did not die. Autolytic changes 
and cannibalism would have made accurate statistical decisions on the dead mice difficult, if 
not impossible 


Phe gross examination procedure deseribed above was used to screen the lungs 
that were to be examined microscopically. This was essential to limit the work, 
for only 300 slides were cut and stained per week, and microscopic diagnosis of 
each slide took approximately three minutes. [-very 30th 7- section of the whole 


lung (these were, in general, from mice with gross lung infections) or six evenly 


spaced sections through grossly tumorous pieces of lung were taken. <A total of 
26,718 microscope slides have been examined, from 2,157 of the 7,558 mice that 
were used. The remainder of the mice, whose lungs were not examined micro- 
scopically, either died or had lungs that were grossly normal to careful examination 
both at the time of killing and after formaldehyde fixation. A series of lungs of 
the latter type were examined microscopically, and nearly all were found free 
from neoplasm. This indicated that no significant error was introduced by the 
screening procedure, which was utilized to save labor and to arrive at decisions 
in a reasonable period of time. 

The pulmonary neoplasms noted in these experiments were frequently seen as 
subserous elevations 0.5 to 3 mm. in diameter, with from 2 to 40 such tumors being 
evident grossly. 

Microscopically, the tumors noted could be classified as adenoma, adenocarci- 
noma, or papillary adenocarcinoma, although in many instances the papillary adeno- 
carcinoma was evident within or continuous with the benign adenoma or the 
nonpapillary adenocarcinoma. These variations were frequently evident as the 
result of study of serial sections. 

In the adenomatous type the tumor cells were regularly arranged polyhedral 
cells, not unlike the lining cells of normal alveoli, closely grouped in round or 
oval forms. These cells stained somewhat more heavily than normal cells and 
contained centrally placed nuclei and abundant cytoplasm with many fine eosino- 
phile granules. In the adenocarcinomatous type there was much more variation 


10. Abramson, H. A.: Principles and Practice of Aerosol Therapy of the Lungs and Bronchi, 
Ann. Allergy 4:440-456, 1946 


11. Voegtlin, C., and Hodge, H. C.: Pharmacology and Toxicology of Uranium Compounds, 
New York, MeGraw Hill Book Company, Inc., 1949, pp. 442-443 
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in the appearance of the tumor cells. They varied greatly in size and in shape, and 
an attempt at the formation of gland-like structures was evident in the irregularly 
arranged tumor cells. Mitosis was frequently seen, and upon serial section tumors 
of this type frequently demonstrated papillary changes, with many layers of tumor 
cells being arranged in bulbous projections within the tumor mass. No definite 
capsular formation was evident in any of these types of neoplasm, although they 
all tended to have a fairly sharp peripheral border. The adenomas were not invasive, 
but the adenocarcinomas and particularly the papillary forms detinitely invaded 
the smaller bronchi. Papillary adenocarcinoma was not infrequently found at the 
periphery of an area of peribronchial inflammation in animals subjected to inhalation 
exposure. Adenoma was rarely recognized in this location. 

Attempts were made to show by roentgenogram the presence of isopropyl oil, 
“brown tar,” isopropyl oil plus 5% iodized oil U. S. P., or barium sulfate in the 
sinuses or the lungs of mice inhaling aerosols for periods of 0.5 to 20.5 hours. 


Furthermore, roentgenograms of mice exposed for six months to isopropyl oil or 


“brown tar” were made. None of these roentgenograms showed any difference 


as compared with those of controls. 


Mouse skulls were collected at autopsies during the first few studies. This 


procedure was discontinued after examination of 74 of these from mice of the first 


inhalation study. No sinus tumors were found microscopically, and no relationship 


of lung tumors and sinus inflammation was apparent on fixed and cut sections of 


mouse sinus tissue. 


RESULTS OF ANIMAL EXPERIMENTS 


The results obtained from the seven different subcutaneous-injection experiments 
and from the three individual inhalation studies are summarized in Table 2. For 
each subcutaneous-injection experiment in which samples were suspended or dis- 


solved in lard, a group of mice of each strain received injections of lard alone. In 


addition, a separate group of non-injection-treated mice of each strain was used in 


sach study as the control for the mice that received undiluted samples. As a control 


for the inhalation experiments a group composed of each strain of mice was exposed 


to dilution air only. Generally, three strains of mice were used in each of the 10 


studies, namely: a strain characterized by a high production of spontaneous lung 


tumors, a strain with a high production of spontaneous mammary tumors, and a 


strain with a low production of spontaneous tumors. If the percentage of micro- 
scopically verified lung tumors (adenomas or adenocarcinomas) in the surviving 
mice of any strain was statistically higher than that of the specific controls of the 
strain, the sample was designated as active. The statistical comparisons, using a 
fiducial limit of 0.05, were made by the application of the ratio of the normal deviate 
to its standard error for corrected chi square.'* 

In one experiment only was a sample proved active in more than one of the 
three strains. The strong carcinogen 1, 2, 5, 6-dibenzanthracene produced tumors 
significantly in excess of the controls with strains Cs;H, ABC, and CFW. No sample, 
including the above-mentioned positive control and the three other positive control 


12. Fisher, R. A.: Statistical Methods for Research Workers, Ed. 11, Edinburgh, Oliver & 
Boyd, Ltd., 1950, Sect. 21.01, p. 95. 
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materials tested (methyl cholanthrene, petroleum hydroforming bottoms, and 2- 
amino-5-azotoluene), was ever active on injection or inhalation in C;; black mice. 
This finding verified Andervont® on the extreme resistance of this strain to the 
development of spontaneous or induced tumors, Statistically valid active results 
were obtained in one or more strains with the positive controls methyl cholanthrene, 
dibenzanthracene, and hydroforming bottoms, but not with aminoazotoluene. This 
was justified as our sample of the latter material proved impure and as most of the 
active results with aminoazotoluene reported in the literature were obtained in mice 
on special diets.' 

The only material from this industrial operation which was ever active in mice 
was the waste product, isopropyl oil. Some samples of isopropyl oil from each of 
two plants were active, but other samples of the oil from these same plants were not. 
Fractions of this oil obtained chromatographically, by using ultraviolet fluorescence 


as a guide for selection, were not active, and neither were the fractions obtained by 


distillation. Tsopropanol and two tars formed in the operation were found inactive, 
as was the Merrill oi] which was sometimes used in the operating cycle at one plant 
as an antifoaming agent. 

Isopropyl oil samples showed tumorigenic (positive) activity both by subcutane- 
ous injection and by mist inhalation. The latter was not an unlikely source of 
human exposure in the plant during the period of work of the men in whom cancer 
later developed. Higher mist concentrations produced a greater incidence of mouse 
tumors than did lower concentrations. The lowest concentration that produced 
significant effects was 0.004 ml. per liter of air, and half this concentration produced 
an incidence which was high but not statistically different from that in the control 
group. No tumorigenic properties were demonstrated in any of the concentrate 
fractions and they remain unidentified materials that gave the banded fluorescence 
characteristic of benzanthracene but which are apparently not carcinogenic for mice. 

None of the 10 dogs being exposed to isopropyl fog nor the 4+ dogs into whose 
maxillary sinuses the oil was directly instilled have as yet shown any external or 
roentgenographic evidence of tumors in the sinus areas. To date these dogs have 
been exposed to the oil for a period of three years, and the oil treatment will be 
continued for some indefinite period, after which they will be observed for the 
duration of their life-span. 


SUMMARY AND COMMENT 


In statistically comparing the three human deaths among the 71 men who worked 
in the unit more than five years with the expected frequency of 0.9 for deaths from 
cancer of the respiratory system the probability derived is 5 out of 100 that this 
difference could have occurred by chance. But as 4+ of the 6 (fatal or nonfatal) 
human cancers were cancers of sinuses this incidence was compared with that 
expected for the men in this unit of the plant on the basis of figures for the country 
as a whole (0.2% of all human cancers are malignant tumors of the paranasal 
sinuses) and a probability of <O,Q000001 was obtained. Thus, not only were more 
deaths found from cancer of the respiratory system, but more of the cancers than 
expected, fatal or not, were cancers of the sinuses. 


13. Orr, J. Wo: The Production of Liver Tumors by Azo Compounds, Brit. M. Bull. 4:385- 
388, 1947 
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Isopropanol has been found nontumorigenic via the inhalation, injection, and 
skin-painting routes. The only material from the operation which was suspected 
of being tumorigenic for mice was the waste product, isopropyl oil. This oil was 
not invariably tumorigenic, as out of 21 groups of mice exposed to inhalation of it 
only three groups presented tumors, and out of 13 groups receiving injections of 
it, only one gave. positive results. The degree of carcinogenic potency was much 
less than that of known highly active chemicals isolated from coal tar. Recently it 
has been shown to be nontumorigenic on mouse skin painting, with both active and 
inactive controls being used. Hence it is not expected to pose a problem with 
reference to skin cancer. We consider that these animal studies give presumptive 
evidence that isopropyl oil may have been the human carcinogenic agent in this 
process, and lend support to the epidemiological evidence that a carcinogen was 
present in the industrial operation. The failure to produce highly active concentrates 
by distillation and chromatographic separations guided by the banded fluorescence 
spectra typical of benzanthracene is tentatively blamed upon the unavoidable chance 
that the active constituents were separated from essential co-carcinogens. 

From the viewpoint of industrial hygiene it is not essential that the carcinogen 
be chemically identified. The operation has been completely changed, as a new 
process at a new location is now used to manufacture isopropanol. The new plant 
is operated from a well-ventilated remote-control booth, removed from contact with 
the actual chemical reactants. 
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ORGANIZATION AND OPERATION OF A STUDY OF AIR POLLUTION 
IN RELATION TO EXPERIMENTAL CARCINOGENESIS 


PAUL KOTIN, M.D. 
LOS ANGELES 


Hie FINDING that the incidence of primary lung cancer has increased during 

the last two decades has resulted in numerous studies respecting possible 
etiologic factors. Passey,' Campbell,?, Kennaway,’ and others have successfully 
produced tumors in mice by using materials which are frequent sources of air 
pollution, Leiter and Shear,* using specimens of atmospheric dust, succeed in pro- 
ducing tumors in mice with tars extracted from the dust. These investigators, work- 
ing further with Shimkin,® successfully repeated tumor production in mice with tars 
extracted from atmospheric dusts collected by varied methods. 

The plethora of data obtained to date and the careful studies underlying them 
raise the question of the value of another similar study. It will be noted, however, 
that vestigations to date have dealt with either sources of air pollution or with the 
particulate phase of atmospheric pollutants derived from many sources. These 
include coal, wood, peat, and shale-oil combustion products in addition to those of 
petroleum. It is approximately 10 years since the catalytic cracking of crude oil 
became universally adopted by oil companies. This has resulted in the replacement 


of saturated by unsaturated and long-branch hydrocarbons in the atmosphere. Smith 


and his co-workers ® found that catalytically cracked petrdleum oils with a boiling 


From the Department of Pathology, University of Southern California School of Medicine. 


This investigation is supported by a grant from the National Cancer Institute of the 
National Institutes of Health, Public Health Service, Federal Security Agency. 


1. Passey, R. D.: Experimental Soot Cancer, Brit. M. J. 2:1112-1113, 1922. Passey, R. D., 
and Carter-Braine, J.: | Experimental Soot Cancer, J. Path. & Bact. 28:133-144, 1925. 


2. Campbell, J. A.: Cancer of Skin and Increase in Incidence of Primary Tumours of 


Lung in Mice Exposed to Dust Obtained from Tarred Roads, Brit. J. Exper. Path. 15:287-294, 
1934; The Effects of Exhaust Gases from Internal Combustion Engines and of Tobacco Smoke 
upon Mice, with Special Reference to Incidence of Tumours of the Lung, ibid. 17:146-158, 1936; 
Careimogenic Agents Present in the Atmosphere and Incidence of Primary Lung Tumours in 
Mice, ibid. 20: 122-132, 1939 

3. Kennaway, FE. L.: The Formation of a Cancer-Producing Substance from Isoprene 
(2-Methylbutadiene), J. Path. & Bact. 27:233-238, 
Substances, Brit. M. J. 2:1-4, 1925, 


4. Leiter, J., and Shear, M. J.: Production of Tumors in Mice with Tars from City Air 


Dusts, J. Nat. Cancer Inst. $:167-174, 1942. 


1924; Experiments on Cancer-Producing 


5. Leiter, J.; Shimkin, M. B., and Shear, M. J.: Production of Subcutaneous Sarcomas in 


Mice with Tars Extracted from Atmospheric Dusts, J. Nat. Cancer Inst. 3:155-165, 1942. 


6. Smith, W. E.; Sunderland, D. A., and Sugiura, K.: Experimental Analysis of the 


Carcinogenic Activity of Certain Petroleum Products, A. M. A. Arch. Indust. Hyg. 4:299, 1951. 
Los Angeles County Air Pollution Control District: Personal communication to the author. 
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point above 700 F. have definite carcinogenic activity, and that aromatic components 
are responsible for this activity. They further noted with regard to the carcinogenic 
action that the most potent material distilled between 800-1010 F. The pollutants 
resulting from this process are different, consequently, and are worthy of investi- 
gation. The hydrocarbons emitted into Los Angeles County atmosphere, as deter- 
mined by the Los Angeles Air Pollution Control District,’ totaled an average of 
2,130 tons (1,932 metric tons) per day in 1951, of which 2,057 tons (1,866 metric 
tons) were the by-products of petroleum. Heretofore there has been no opportunity 
for a study in which the biological effects of air pollution resulting from petroleum 
production and use could be definitely assessed. 

The presence of these gaseous hydrocarbons was described by Haagen-Smit,’ 
who demonstrated their role in the production of crop damage, eve irritations, and 
other biologic alterations. The present study has been initiated in an attempt to 


determine the role, if any, of hydrocarbon air-pollutant by-products of petroleum 


refining, distribution, and use in experimental carcinogenesis. Particulate and 


gaseous phases of the pollutants are being studied separately and in combination, 


The location of a large number of refineries, the number of vehicles in daily use, 


and other factors combine with the prevailing winds and frequency of air inversion in 


Los Angeles County to cause periods of atmospheric stasis with high concentration 


of hydrocarbon air pollutants. The seven-to-nine-months summer dry period further 


facilitates the accumulation of pollutants in that neither the air nor the roads are 


washed by rain. 


Studies have been made on the sources, the chemistry, and the biologic effects 


of local smog.* Biologic studies on human beings have been limited to determining 


the host's response to the eye and upper respiratory tract irritants found in smog. 


An increasing necropsy incidence of primary lung cancer at the Los Angeles 


County Hospital was reported by Steiner,” who concluded that “regardless of 


whether or not the increase was real, absolute and disproportionate to all cancer, or 


whether it is still continuing, the present level is so high as to make lung cancer a 4 


public health problem of major concern and investigation in the area.” 


The combination of hydrocarbon air pollution and increased incidence of primary 


pulmonary cancer, as reported by Steiner, make Los Angeles County an appropriate 


place to determine experimentally whether there is a relationship between air pol- 


lution and increased cancer incidence. 


METHODS AND APPARATUS 


The investigations are being carried out by using whole smog and individual components 
of smog in parallel biological and chemical studies. Three distinct aspects of the problem 
developed during its initiation, and though the study of each is an integral portion of the entire 


7. Haagen-Smit, A. J.: The Air Pollution Problem in Los Angeles, Engin. & Sc. (Cali- 
fornia Institute of Technology) 14:7-13, 1950 

8. The Smog Problem in Los Angeles County: Third Interim Report by Stanford Research 
Institute on Studies to Determine the Nature and Sources of Smog, Los Angeles, Western Oil 
and Gas Association, 1950. Los Angeles County Air Pollution Control District.6 Haagen- 
Smit.? 

9. Steiner, P. E.; Butt, E. M., and Edmondson, H. A.: Pulmonary Carcinoma Revealed at 
Necropsy, with Reference to Increasing Incidence in the Los Angeles County Hospital, J. Nat. 
Cancer Inst. 4:497-510, 1951. 
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program, it was felt that each was capable of individual pursuit. These three aspects were (a) 
collection of samples, (/) biological experimentation, and (c) identification of hydrocarbon 
constituents of smog 

Whole smog samples are obtained either by direct air sampling on smoggy days or, more 
frequently, by collection of samples of artificial smogs, created by ozonizing gasoline in a 
transparent plastic chamber. Shepherd and associates 1° have shown by means of mass spectro- 
grams that “synthetic smog produced a markedly similar pattern to those obtained by distillates 
of intense naturally occurring smog.” To facilitate the collection of samples so that particulate 


Yo re Tar 


Fig. 1.—Transparent plastic filter. There is a stopcock at each end to seai samples between 
collection and use. The upper screen and filter paper are for collection of particulate matter. 
lhe chamber beneath is for collection of gaseous matter. A lower screen and filter paper are 
provided for exhaust pump use at the base of the filter \ solid carbon dioxide (dry ice) and 


alcohol mixture freeze-out is used to trap aqueous material between the exhaust and the filter. 
Che dimensions are in inches 


and gaseous phases could be obtained both simultaneously and independently, it became necessary 
to construct a filter for this purpose. The filter is shown in Figure 1.1 In addition to fulfilling 


10. Shepherd, M.: Rock, S. M.: Howard, R., and Stormes, J.: Isolation, Identification, and 
Estimation of Gaseous Pollutants of \ir, Anal. Chem. 23:1431-1440, 1951. 

11. The filter was designed by Professors W. A. Box and F. K. Springer, of the Mechanical 
Engineering Department of the University of Southern California. 
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Fig. 2.—Filter assembled 


Fig. 3 Filter expl ded. 
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its need, it presents the obvious advantage of being re-usable. The filter paper employed is 
identical with that used in the cannister portion of the Army Service Type gas mask and was 
obtained through the Chemical Warfare Service. The chamber immediately distal to the filter 
for the collection of the gaseous phase is filled with either measured amounts of pure furnace 
carbon black '* or with tricaprylin 

Individual sources of hydrocarbons emitted into the air in order of their contribution are 
(1) transportation (both gasoline- and diesel-engine vehicles), (2) petroleum refining, (3) 
petroleum production, and (4) petroleum marketing. 

Samples representative of the first source are obtained directly from the exhausts of gasoline 
and diesel engines set up in the Mechanical Engineering Department of the University of 
Southern California. The samples are collected under operating conditions identical with those 
encountered in the daily routine use of gasoline- and diesel-powered vehicles. Samples are 
collected during the starting of a cold engine, during periods of uniform running, and during 
periods of acceleration and stress. The exhaust is tapped sufficiently distal to the engine so that 
the temperature of collection approximates the exhaust temperature of vehicles in daily use. 
The filter described in Figure 1 is used. 

Samples representing the second source are obtained by means of bag or precipitron collect- 
ing units and are used in soot form. No attempt to separate the particulate and gaseous phases 
was made, because of the difficulties involved. 

Samples representative of the third and fourth sources could not be readily collected, and 
it is felt that their effects would be included in the studies on whole smog. 


BIOLOGICAL TESTS 


Mice of both sexes of C57 black strain, A strain and C3H strain are being used for the 
biological tests. The animals were obtained from the Roscoe B. Jackson Memorial Laboratory 
at Bar Harbor, Maine, and from the Cancer Research Genetics Laboratory of the Department 
of Zoology of the University of California at Berkeley, Calif., and were approximately 3 months 
ol age at the beginning of the experiment in January, 1952. They are kept on a supplemented 
commercial diet !* with unlimited amounts of water. The females are segregated from the males. 

The particulate matter from whole smog and from gasoline- and diesel-engine exhausts, 
respectively, consists essentially of a soot and is prepared for skin painting by extraction with 
reagent-grade benzene. Separate groups of C57 black and A strain mice are painted semiweekly 
in the interscapular region with freshly collected samples. 

(saseous material adsorbed onto carbon black is similarly extracted and painted onto three 
additional groups of C57 black mice in an identical manner, Gaseous material collected directly 
into tricaprylin is injected subcutaneously. A single injection is given into the lumbar area of 
both C57 black and C3H mice. 

Benzene extracts of fresh samples collected from industrial instillations at their source is 
painted on C57 black mice semiweekly. 

Che inoculated animals are being observed twice a month; these observations will increase 
in frequency with the passage of time, all animals eventually being submitted to necropsy and 
the tissues examined microscopically. Control groups of animals using benzene, tricaprylin, 
and carbon black are being treated in the above ways. 


CHEMISTRY 


Haagen-Smit,? Shepherd and co-workers,’’ the Stanford Research Institute,* 
and the Los Angeles County Air Pollution Control District ® in their analyses of 
the Los Angeles atmosphere report no attempts at identification of individual hydro- 
carbons. This is understandable when one realizes that saturates and unsaturates of 
varying carbon atoms per molecule produce the effects reported ( e. g., decreased 


12. The carbon black (Malacco—99.5% fixed carbon and 0.5% volatile matter) was supplied 
through the courtesy of Binney and Smith. 


13. The diet used is purina® laboratory chow, made by the Ralston Purina Company, St. 
I Mo 
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visibility, crop damage, eye irritations '*) as a group rather than by virtue of the 
structure of the individual hydrocarbons. Boyland and Brues,'* Kennaway,’* and 
Fieser ** have shown that structurally closely related hydrocarbons show marked 
variations in their carcinogenicity. 

Standard chromatographic and spectrophotometric procedures are being used for 
the identification of individual hydrocarbons extracted from the Los Angeles County 
atmosphere. 

COMMENT AND SUMMARY 


The controversy over the role of air pollution in the increase of primary lung 
cancer has intensified with opinions varying from Wynder and Graham,'* who 


stated, “City dusts and fumes cannot account for the increased incidence of lung 


cancer,” to those of Steiner, Butt, and Edmondson,” who observed, “Neither, how- 
ever, is smog exonerated; it should be judged as carcinogen or noncarcinogen on 
its own merits, as may be revealed by future investigations.” One aspect of the 
present study will implement the latter suggestion. Added impetus is given to this 
investigation by the report that benzpyrene has been recovered from the air of nine 
sritish cities.'® 

Geographic, industrial, meteorologic, and demographic factors combine to make 
Los Angeles County an appropriate site for the investigation of potential carcino- 
genic environmental hydrocarbons. An opportunity for determining the role of 
petroleum air pollutants is afforded, since 99% of the total of hydrocarbons emitted 
into the Los Angeles atmosphere is traceable to the refining, production, and use of 
petroleum and its products. 

Assembled and exploded views of the specially constructed filter are shown in 
Figures 2 and 3, respectively. 

14. Mader, P. P.; Lofberg, R. T.; MacPhee, R. D., and Larson, G. P.: Composition of the 
Organic Portion of Atmosphere Aerosols, Indust. & Engin. Chem., to be published. 

15. Boyland, E., and Brues, A. M.: The Carcinogenic Action of Dibenzcarbazoles, Proc. 
Roy. Soc., London, s.B 122:429-441, 1937. 

16. Kennaway, E. L.: Cancer-Producing Tars and Tar Fractions, J. Indust. Hyg. 5:462- 
488, 1924. 

17. Fieser, L. F.: Carcinogenic Activity, Structure and Chemical Reactivity of Polynuclear 
Aromatic Hydrocarbons, Am. J. Cancer 34:37-124, 1938. 

18. Wynder, E. L., and Graham, F. A.: Etiologic Factors in Bronchiogenic Carcinoma with 
Special Reference to Industrial Exposures, A. M. A. Arch Indust. Hyg. 4:221-235, 1951. 

19. British Empire Cancer Campaign, Annual Report, 1949, p. 98 
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{. Evaluation of Function Impairment and New Developments in Therapy of Chronic Pulmonary Disease 


HURLEY L. MOTLEY, M.D. 
PHILADELPHIA 


N' JRMAL pulmonary function achieves an adequate gas exchange, both at rest 
and during exercise. Pulmonary function is evaluated on the basis of the 
ability of the lungs to supply oxygen to and remove carbon dioxide from the blood 
during rest and exercise. In the large majority of cases of chronic pulmonary 
disease with dyspnea the disability is due to fibrosis and emphysema. Physiologic 
tests of pulmonary function, in addition to the clinical and roentgenologic examina- 
tion, are necessary to assess lung function accurately in the presence of fibrosis 
and emphysema. ‘The large pulmonary reserve in man often obscures clinical or 
roentgenologic detection of early pathologic changes of fibrosis and emphysema 
before clinical symptoms are prominent. Respiration and pulse rate, breath-holding 
time, chest expansion, and anterior-posterior and lateral chest-diameter measure- 
ments are frequently unreliable. Early recognition and removal of susceptible 
individuals from environmental hazards would provide great benefits both to 
employees and to industry and would represent an important goal of industrial 
medicine. Vhysiologic tests have been studied and analyzed with respect to the 
early detection of susceptible individuals, prior to the development of serious stages 
of disability. 

The basic data for this discussion were obtained from a study of 500 unselected 
eases of hard- and soft-coal miners with fibrosis and emphysema and respiratory 
complaints. Physiologic studies on such a large homogeneous group provide data 
from which a satisfactory evaluation can be made of the significance and the 
limitations of the various physiologic tests employed in pulmonary function meas- 
urements in man. 

The measurements made were those of maximal breathing capacity? and vital 
capacity from spirogram tracings (before and after treatment with a bronchodilator 
drug), residual air volume by the oxygen open-circuit method,’ arterial blood 
oxygen saturation both at rest and immediately after step-up exercise by the Van 


Read at the Twelfth Annual Congress on Industrial Health, Pittsburgh, Jan. 18, 1952. 


Dr. Motley is Associate Professor of Medicine, Jefferson Medical College, and Director 
of the Cardio-Respiratory Laboratory, Barton Memorial Division of Jefferson Hospital. 
1. Motley, H. L., and Tomashefski, J. F. 


: Studies on Maximal Breathing Capacity Measure- 
ments, Am. J. Physiol. 163:736, 1950. 


2. Darling, R. C.; Cournand, A., and Richards, D. W., Ji 
Mixture of Gases: An Open Circuit Method for 
19:609, 1940 


Studies on Intrapulmonary 
Measuring Residual Air, J. Clin. Invest. 
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PULMONARY PHYSIOLOGY 


Siyke content and capacity method,’ direct arterial pO. and pCO, determinations, 
by the Riley bubble method,‘ arterial pH at rest and after exercise, oxygen uptake 
and carbon dioxide output from direct gas analysis of inspired and expired air °® 
(compressed air from steel cylinders was used for breathing and oxygen and carbon 
dioxide contents were determined for each cylinder), ratios of oxygen extraction 
by the lungs from inspired air during both rest and exercise, and the duration of 
dyspnea after one minute of step-up exercise (30 steps on a stool 20 cm. high, in 
one minute). Spirogram tracings of vital capacity and maximal breathing capacity, 
residual air volume measurements, and exercise tolerance tests are the most impor- 
tant standardized tests of pulmonary function to detect clinically fibrosis and 
emphysema. Bronchospasm plays a prominent role in chronic pulmonary disease, 
and this aspect needs to be determined. Arterial blood oxygen saturations and 
the percentage of oxygen extracted from the air breathed are frequently necessary 
for accurate evaluation. A mild exercise test is necessary, but not one designed 
for determining physical fitness. Measurements of spirogram tracings of ventilation 
are most useful in screening tests, for abnormal findings may be detected by this 
means long before roentgenologic changes appear. Spirogram tracings are simple 
and easy to obtain on suitable apparatus and present a practical test with wide 
application. 

On the basis of the physiological studies the 500 coal miners were classified 
into four groups as regards degree of pulmonary-function impairment, the groups 
being designated as slight, moderate, advanced, and far advanced. A complete 
history, a physical examination, and a radiologic study provide important informa- 
tion for the clinical evaluation of impairment ; however, such information frequently 
proves inadequate for an accurate determination of the extent of disability present 
and in some cases even fails to indicate the nature of the respiratory difficulty. 
In recent years the discrepancy between roentgenologic studies and pulmonary- 
function studies in the appraisal of disability produced by silicosis in coal miners 
has become well recognized in many parts of the world.® In the subjects of this 
study there was no apparent correlation between the roentgenographic stage of 
silicosis and the degree of pulmonary-function impairment (Table 1). Third-stage 
silicosis exists in cases with slight degrees of pulmonary-function impairment, 
and advanced degrees of function impairment occur in cases with only borderline or 
first-stage silicosis. A lack of correlation of the roentgenographic stage of silicosis 
and the degree of pulmonary emphysema has been found in both hard- * and soft- 
coal miners. Chest roentgenograms, although useful in diagnosing silicosis, should 


not be used as the only criteria in disability evaluation. Pulmonary-function 


3. Van Slyke, D. D., and Neill, G. M.: The Determination of Gases in Blood and Other 
Solutions by Vacuum Extraction and Manometric Measurement, J. Biol. Chem. 61:523, 1924. 

4. Riley, R. L.; Proemmel, D. D., and Franke, R. E.: A Direct Method for Determination 
of Oxygen and Carbon Dioxide Tensions in Blood, J. Biol. Chem. 161:121, 1945. 

5. Motley, H. L.; Lang, L. P., and Gordon, B.: Studies in the Respiratory Gas Exchange 
in 100 Anthracite Miners with Pulmonary Complaints, Am. Rev. Tuberc. 61:201, 1950. 

6. (a) Fletcher, C. M.: Pneumoconiosis of Coal Miners, Brit. M. J. 1:1015, 1948. (b) 
Gordon, B.; Motley, H. L.; Theodos, P. A., and Lang, L. P.: Anthracosilicosis and Its Symp- 
tomatic Treatment, West Virginia M. J. 45:126, 1949. (c) Motley, H. L.; Gordon, B.; Lang, 
L. P., and Theodos, P. A.: Impairment of Pulmonary Function in Anthracosilicosis, Arch. 
Indust. Hyg. 1:133, 1950. (d) Motley, H. L.: Pulmonary Function Studies in Bituminous Coal 
Miners, West Virginia M. J. 46:8, 1950. 
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measurements alone do not diagnose the disease ; however, the information available 
from these studies provides for more exact appraisal of the disability present than 
is possible by the usual clinical diagnostic procedures. 

Pulmonary emphysema and chronic bronchitis are commonly regarded as the 
two factors producing disability in coal miners’ silicosis. The presence and the 


Tarte 1.—Degree of Pulmonary-Function Impairment Versus the Roentgenologic Stage of 
Silicosis in 500 Coal Miners with Respiratory Complaints 


Group 
1 2 3 4 
Degree of pulmonary-funetion impairment Slight Moderate Advanced Far Advanced Total 
(Cases studied 34.0 15.8 
Roentgenologic classification 
: 0 11 
Normal 7 0.00 2.20 
2 37 
Borderline ....... 5 2.53 7.40 
2: 13 71 
First oes 16.46 14.20 
35 2: 7 10 


59.49 55.80 
* Borderline increased peribronehial markings; first stage, slight fine mottling of parenchyma and increased 
size and density of hilar lymph nodes; second stage, typical nodular round and oblong shadows of soft, even 


density from 2% to 6 mim. in diameter; third stage, shadows more than 6 mm. in diameter and coalescence 
forming aggregates 


> 


Taste 2.—Degree of Pulmonary Emphysema Based on the Restdual-Air Percentage of Total 
Lung Volume wn 500 Coal Miners with Respiratory Complaints 


Classifleation by Groups 
l 4 3 4 5 
Degree of Emphysema None Slight Moderate Advanced Far Total 
Advanced 
Residual total Jung volume......... 25 or less 95-35 35-45 45-55 Above 55 
Significant clinieally ............ No Yes Yes Yes 


165 538 


33.0 21.2 10.6 


Cases studied 
Roentgenologic classification * 


Normal 


Borderline 


* See footnote to Table 1 


f tft other tunetion measurements are normal, hyperventilation compensates for the slight increase in the 
residual air volume 

extent of pulmonary emphysema were accurately determined (duplicate checks of 
100 ec. or less on all cases) in this study by measuring the residual air volume 
using the oxygen open-circuit method * with a demand valve. The residual air 


volume was expressed as a percentage of the total lung volume (residual air plus 


. . . - 
vital capacity). This value expresses as a physiologic relationship the effect of 
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an increased volume of residual air on the mixing and dilution factor with respect 
to vital capacity and total lung volume. Thus it is immaterial whether the total 
lung volume is increased, decreased, or unchanged, for the percentage value obtained 
represents the functional value of the pulmonary emphysema. The air remaining 
in the lungs after a forced expiration is termed residual air, and normally occupies 
about 25% of total lung volume. The 500 cases in this study were classified 
according to the degree of pulmonary emphysema based on the residual-air percent- 
age of total lung volume (Table 2). Although this percentage grouping is somewhat 
arbitrary, other related physiologic measurements substantiate the validity of the 
ciassification for diagnosis, study, and evaluation.” Thus in 35% of the 500 cases 
pulmonary emphysema was not a significant factor in producing disability (Table 
2). Residual-air measurements were not obtained during periods of infections of 
the upper respiratory tract or asthmatic attacks or other temporary abnormalities 
which were clinically apparent, so that the residual-air measurement represents the 
best base-line measurement obtainable in each case. In a comparison study of the 
residual air volumes at rest and during a steady state of moderate treadmill 
exercise, in 34 cases the changes in residual-air percentage of total lung volume 
were found to be small (average increase, 0.6% ) even in extensive pulmonary 
emphysema.* Infections of the upper respiratory tract or asthmatic attacks produce 
temporary decreases in vital capacity and increases in residual air, so that during 
the involved period, the mixing and dilution problem is increased in some cases 
to a marked degree. An increased residual air volume represents a potential hazard 
which may produce complete incapacity during periods of respiratory infections. 
A residual air volume over 35% of total lung volume is abnormal and indicates the 
presence of clinical emphysema. In some cases a notable degree of reversible bron- 
chospasm exists. In this condition treatment with bronchodilator drugs results 
in some reduction of residual air and some increase of vital capacity, but the 
normal state is not restored and the change in residual-air percentage of total 
lung volume is usually small. 

A marked degtee of reversible bronchospasm may exist without an increased 
volume of residual air. Some patients with a considerable increase in residual air 
volume have minimal disability, as compensatory hyperventilation is good, and the 
dyspnea level is not reached even with moderate exercise, thus demonstrating the 
value of good ventilation (vital capacity and maximal breathing capacity ) in limiting 
the disability resulting from pulmonary emphysema. A correlation was noted 
between the degree of emphysema and the incidence of right heart strain,® but the 
typical electrocardiographic findings are absent in about 40% of the cases with a 
far-advanced degree of emphysema (residual air over 55% of total lung volume ). 
Emphysema of a far-advanced degree is disabling, and the evaluation of disability 
may be made on this measurement alone. The residual-air-volume determination 
is one of the most important function measurements in disability appraisal. An 
increased residual air volume (above 35% of total lung volume) is abnormal and 


represents emphysema, not a temporary insufflation of the lungs. 
8. Motley, H. L., and Tomashefski, J. F.: Studies of Residual Air Volumes at Rest and 
During Treadmill Exercise, Federation Proc. 10:94, 1951. 

9. Lang, L. P., and Motley, H. L.: Electrocardiographic Findings in Anthracosilicosis, 
Federation Proc. 8:91, 1949 
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Vital capacity, although a useful and essential measurement, has but limited 
value alone. In general, vital capacity decreases as the degree of pulmonary 
emphysema increases,'® but the wide range of individual variations limits the useful- 
ness of this measurement unless the values are extremely low (less than 1,800 ce. 
in men) or very high (above 4,200 ce. in men). A vital capacity of 2,000 to 3,000 
cc. may exist without emphysema or with a far-advanced degree of emphysema, 
with slight disability or total disability. The shape of the spirogram tracing “ 
provides useful information concerning the state of the lungs, as well as giving the 
vital-capacity volume. When more than three seconds are required to blow most 
of the air out of the lungs after a deep inspiration, impairment is indicated. This 
may be due to loss of elasticity or obstruction or both. The time element and the 
shape of the spirogram tracing should be taken into consideration in analyzing 
vital-capacity tracings. This time factor is usually ignored. 

Maximal breathing capacity is both a time and a volume measurement, and the 
normal values for men range from 120 to 180 liters per minute, depending on the 
age and the size of the subjects and the technic used.' In general, if the maximal- 
breathing-capacity (MBC) measurement is less than 40 liters per minute in men, 
the degree of pulmonary emphysema and functional impairment is significant; but 
it is insignificant if the maximal breathing capacity 1s over 120 liters per minute, 
and otherwise indeterminate for values between 40 and 120 liters per minute. If the 
maximal breathing capacity is good, hyperventilation can compensate partially or 
completely for the mixing and dilution factor imposed by the increased residual air 


volume in pulmonary emphysema. In general, compensatory hyperventilation is 


adequate in the absence of other complicating factors for increases in residual air 
volumes up to about 45% of total lung volume,'! but above this value hyperventila- 


tion is often inadequate to maintain normal gas exchange. Since the maximal 


breathing capacity appears to have practical value in the early detection of fibrosis 
and bronchial obstruction it would seem desirable to take maximal-breathing- 
capacity measurements routinely along with chest roentgenograms of industrial 


workers exposed to dust hazards. If the annual maximal-breathing-capacity meas- 


urements decrease progressively, the indication is that fibrosis and loss of lung 
elasticity, with obstruction, are developing, and the individual should be removed 


from dust hazards, regardless of the roentgenologic appearance of the chest at 
the time 


The arterial blood oxygen saturation was determined routinely in a!l cases both 
at rest (basal type) and immediately after step-up exercise and, in addition, in 122 


cases during a steady state of treadmill exercise. A comparison of the exercise 


arterial blood oxygen saturation and the resting measurements is most important 


in disability evaluation. If the saturation drops 5% or more with exercise, the 


prognosis is poor; whereas, if the saturation increases above the resting value with 
exercise, the prognosis is favorable. The resting arterial blood oxygen saturation 


was poorly correlated with impairment of pulmonary function.’ A normal resting 


10. Motley, H. L.; Lang, L. P., and Gordon, B.: Pulmonary Emphysema and Ventilation 


Measurements in One Hundred Anthracite Coal Miners with Respiratory Complaints, Am. 
Rey. ‘Tuberc. 59:270, 1949. 


11. Motley, H. L 
Exchange, 
pp. 51-65. 


Experimentation on the Effects of Respirators on the Respiratory Gas 
Army Chemical Center, Medical Division Report No. 5, Maryland, April, 1951, 
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arterial blood oxygen saturation (96%) has been observed to decrease 10% with 
mild step-up exercise. Some individuals have a marked decrease of the resting 
arterial blood oxygen saturation (even as low as 889%), but with exercise they have 
shown increases from 5 to 8%, a change brought about by the more uniform 
alveolar aeration accompanying the deeper breathing.’* 

Direct measurements of arterial oxygen partial pressure (pO2) provide a more 
sensitive index of early changes impairing the respiratory gas exchange than the 
arterial blood oxygen saturation (as determined from the content and capacity 
measurements), because the magnitude of the pO. changes is much greater and 
this greater range permits a better analysis of the specific factors producing impair- 
ment in the respiratory gas exchange. The effective inspired pOz varies with the 
barometric pressure and the oxygen percentage of the inspired air. The average 
pOs sea-level values for breathing air are 150 mm. Hg for inspired air, 100 mm. Hg 
for alveolar air, and 95 mm. Hg for arterial blood. If the expired air is collected at 
the same time as the arterial blood sample, the mean alveolar pOz can be calculated 
by the indirect method,'* which assumes that the alveolar carbon dioxide partial 
pressure (pCO,) is the same as the arterial pCO.. The mean alveolar pO» has 
been checked and reduplicated consistently by the indirect method in all types of 
patients with chronic pulmonary disease. Calculated arterial pO, values are unre- 
liable in studying patients who have chronic pulmonary disease. 

The distribution factor is the aspect most commonly involved, producing interfer- 
ence with the alveolar-arterial gas exchange in chronic pulmonary disease (Figure). 
Distribution refers to unequal alveolar aeration and perfusion, and the aeration factor 
concerns alveolar ventilation. At sea level the alveolar mean pOz: is normally about 
100 mm. Hg, and blood perfusing alveoli will take up oxygen to a pOz level of about 
95 mm. Hg (normally saturated 96%). Alveolar aeration is impaired by loss of 
elasticity, fibrosis, obstruction from mucous plugs, secretions, partial atelectasis, or 
depressed respiratory movements, as all ¢f these restrict the free movemedt of 
air in and out of the alveoli. Impaired alveolar aeration results in a lowering of the 
partial pressure of oxygen in the alveoli involved. Blood perfusing poorly aerated 
alveoli is incompletely saturated but flows to the left side of the heart to mix with 
the normally saturated blood. The perfusion aspect of the distribution factor also 
includes those alveoli with complete blockage of aeration but in which the blood 
supply is maintained. Such an alteration produces little shunts, there being no gas 
exchange in the blocked alveoli. Other alveoli may be ventilated but not perfused, 
because the capillary blood supply is obiterated by fibrosis, thrombosis, or vaso- 
constriction. The aerated but nonperfused alveoli represent physiologic dead space 
and decrease the efficiency of lung ventilation. The distribution factor has been 
found to be independent of the degree of pulmonary emphysema.* 

The elevated mean alveolar-arterial oxygen gradient was decreased and the 
arterial oxygen saturation increased by intermittent positive-pressure breathing 


12. Motley, H. L., and Tomashefski, J. F.: Comparison of Step-Up and Treadmill Exercise 
Using Arterial Blood and Respiratory Gas Exchange Measurements, Federation Proc. 9:92, 
1950. 

13. Riley, R. L.; Lilienthal, J. L., Jr.; Proemmel, D. D., and Franke, R. E.: On the 
Determination of the Physiologically Effective Pressure of Oxygen and Carbon Dioxide in 


Alveolar Air, Am. J. Physiol. 147:191, 1946. 
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using compressed air,'* a response independent of the hyperventilation and increased 
blowing off of CO, produced by the respirators. The evidence from the data on 
intermittent-positive-pressure breathing suggests that a more uniform alveolar aera- 
tion is accomplished by better inflation of those alveoli that have impaired air circu- 
lation (Figure),’* partially correcting the interference produced by the mechanical 
obstruction resulting from fibrosis and the attendant loss of elasticity, often accentu- 
ated by bronchospasm. Some alveoli may be opened during intermittent-positive- 
pressure breathing which were totally closed during breathing of ambient air. 

The percentage of oxygen removed from the air breathed is a measure of the 
lung ventilation efficiency (normal, 4+ to 5% during rest and 5 to 6% during exer- 


cise at sea level). For example, if the amount of oxygen removed from the air 
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A schematic diagram indicating the disturbed relationship between alveolar aeration and 
pertusion, as produced by pulmonary fibrosis, retained secretions, bronchospasm, emphysema, 
consolidation, pulmonary atelectasis, or depression of respiration. Intermittent-positive-pressure 
breathing increases the effective pO. in alveoli with impaired aeration but still perfused with 
blood, and increases the per-cent saturation of the arterial blood. Intermittent-positive-pressure 
breathing has no effect on the oxygen transfer in alveoli which are perfused but nonaerated 
unless some alveoli are opened up by the increased inspiratory pressure. The distribution factor 
is characteristic of chronic pulmonary disease with fibrosis and emphysema. 


breathed is 4.5°¢, then 45 ce. of oxygen is extracted from each liter of air breathed. 
If the amount of oxygen removed from the air breathed is markedly reduced, the 
volume of inspired air required will be proportionately increased for a given 
amount of work and oxygen consumption; hence, if the ventilatory measurements 


(maxunal-breathing and vital capacities) are reduced, the individual may be unable 


14. Motley, H. L., and Tomashefski, J. F.: Effect of High and Low Oxygen Levels and 
Intermittent Positive Pressure Breathing on Oxygen Transport in the Lungs in Pulmonary 
hibrosis and Emphysema, J. Appl. Physiol. 3:189, 1950. 
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to meet the elevated oxygen requirement. No correlation was found between the 
degree of impairment of pulmonary function and the percentage of oxygen removed 
at rest, and only a slight average decrease with exercise. In most instances the 
lung-ventilation efficiency was reduced, but this test as an isolated measurement 
was of limited value in estimating disability.'° 

The duration of dyspnea (shortness of breath) was determined subjectively 
after the step-up exercise test (30 steps on a stool 20 cm. high in one minute). 
This test is a practical one for pulmonary function although not for physical fitness. 
From 90 to 120 seconds indicates slight, 120 to 180 seconds moderate, and 180 
seconds or more advanced prolongation of dyspnea time (normal, 90 seconds or 
less). When the ventilatory, residual-air and arterial-blood-oxygen-saturation 
measurements are essentially normal, prolonged dyspnea after the step-up test indi- 
cates increased pulmonary vascular resistance. Increased pulmonary vascular 
resistance, especially during exercise, is a factor in most cases of chronic fibrosis 
and emphysema, and is the primary factor in some cases, as evidenced by the pro- 
found dyspnea after the one-minute step-up test. Since the duration of dyspnea 
is a subjective test, the significance of a prolonged time requires careful evaluation 
in the individual case and is subject to the limitations of this type of test. 

No correlation was noted between the degree of pulmonary emphysema and 
the circulation times obtained by either the arm-to-lung (ether) or the arm-to- 
tongue (dehydrocholic acid) test.” A conspicuous prolongation of circulation time 
indicated definite cardiac involvement. Plasma-volume studies in 138 coal miners 
with silicosis and respiratory complaints, using the Giregerson T-1824 dye method, 
revealed an increase of 10.2% in the emphysema group and 5.4% in the non- 
emphysema group,’® with an average hematocrit of 424%. The average oxygen 
capacity of 115 soft-coal miners and 385 hard-coal miners was 19.48 vol. % (equiv- 
alent to 14.54 gm. of hemoglobin) with a standard deviation of 1.267 vol. % (0.95 
gm. of hemoglobin). There was no difference in the two groups of miners. Poly- 
cythemia is not a factor in coal miners’ silicosis even in cases with obvious cyanosis 
and emphysema in the absence of frank cardiac failure. 

Pulse and respiration rates did not show during rest or exercise any apparent 
correlation with the degree of impairment of pulmonary function '° because of the 
wide standard deviation observed in each group.'® 

Dyspnea '* is the most common complaint of coal miners with silicosis, a symp- 
tom resulting from fibrosis and/or emphysema. However, only 65% of all coal 
miners studied had a significant degree of pulmonary emphysema (Table 2). Dy sp- 
nea commonly results from an alteration of breathing resistance produced by an 
increase of the air-flow velocity. This may accompany exertion or any other situ- 
ation which actively increases pulmonary ventilation, such as the acute hypoxia 

15. Motley, H. L.: Evaluation of Pulmonary Function Impairment by Physiological Studies 
on 400 Unselected Cases of Hard and Soft Coal Miners with Respiratory ¢ omplaints, McIntyre 
Research Foundation Conference on Silicosis and Aluminum Therapy, Schumacker, Ont., Jan. 
30, 1951, pp. 49-67. 

16. Tomashefski, J. F.. and Motley, H. L.: Plasma and Blood Volume Studies at Rest and 
During Exercise in Coal Miners with Fibrosis and Emphysema, Am. J. Physiol. 167:832, 1951. 

17. Theodos, P. A.; Gordon, B.; Lang, L. P., and Motley, H. L:: Studies in Clinical Evalu- 
ation of Disability in Anthracosilicosis, Dis. Chest 17:249, 1950, 
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which may occur with instillation of iodized poppy seed oil, 40%.'* Bronchial 
obstruction is an important factor producing increased breathing resistance in many 
cases. Bronchial obstruction’’ may be either permanently fixed or capable of 
being reversed to various degrees by bronchodilator drugs applied as aerosols. The 
reversible type is referred to as bronchospasm, and the relief afforded by the 
bronchodilator drug is probably mostly from the relief of the bronchospasm, 
although the vasoconstrictor element may be of some importance. Bronchospasm 
occurs in normal individuals during infections of the upper respiratory tract, but 
this temporary abnormality which can be demonstrated does not hamper activity, 
owing to the large breathing reserve present. Fibrosis with loss of lung elasticity 
favors retention of secretions, enhances irritation of the bronchial mucosa, and pre- 
disposes to bronchospasm with defective aeration of alveoli, especially in the lung 
bases in those cases with considerable impairment of diaphragmatic movement. 

\ new development in the therapy of silicosis in coal miners has been designed 
to counteract the pathologic alterations produced by the fibrosis and the pulmonary 
emphysema. This new type of therapy is directed at the rehabilitation of the 
remaining viable lung tissue. The first step is toward supplying better alevolar 
aeration to all portions of the lungs, particularly the bases, by providing an active 
inflation during inspiration with positive pressure automatically controlled and 
designed to follow the patient’s pattern of breathing at all times.*’ This treatment 
method *! has been referred to as intermittent-positive-pressure breathing (IPPB), 
which may be defined as a technique by which the lungs are actively inflated by 
means of a regulated, slightly positive pressure during inspiration, after which, 
during expiration, the lungs are passively deflated to atmospheric pressure, pri- 
marily by the elasticity of the lungs and the chest wall. The maximal peak pressure 
usually employed is that of 20 cm. of water, which is about one-fifth the maximal 
peak pressure that may be produced by a cough. The intermittent-positive-pressure 
breathing is produced by a type of respirator with a cycling valve operated by the 
gas pressure in the oxygen cylinder. A very slight inspiratory suction by the 
patient trips the cycling valve, and the positive pressure builds up during the 
inspiratory phase to the maximal peak pressure for which the regulator is set, after 
which the valve cycles and the pressure drops to atmospheric pressure during 
exhalation. The Bennett ** apparatus,’® which has been developed specifically for 
giving intermittent-positive-pressure breathing in treatment, has very satisfactory 
flow and pressure characteristics (the cycling valve follows the patient’s own pat- 
tern of breathing and pressure is applied only during inspiration). The apparatus 
produces better depth of breathing, greater excursions of the diaphragm, and more 
uniform ventilation of the air sacs than that produced by the individual’s own 


18. Motley, H. L., and Tomashefski, J. F.: The Acute Effects of Lipiodol Instillation on 
the Respiratory Gas Exchange, Am. J. Physiol. 167:812, 1951. 

19. Motley, H. L.. and Tomashefski, J. F.: The Treatment of Chronic Pulmonary Disease 
with Intermittent Positive Pressure Breathing: I. The Evaluation by Objective Physiological 
Measurements, A. M. A. Arch. Indust. Hyg. 5:1, 1952. 

20. Motley, H. L.; Werko, L.; Cournand, A., and Richards, D. W., Jr.: Observations on 
the Clinical Use of Intermittent Positive Pressure, J. Aviation Med. 18:417, 1947. 

21. Motley, H. L.; Lang, L. P., and Gordon, B.: Use of Intermittent Positive Pressure 
Breathing Combined with Nebulization in Pulmonary Disease, Am. J. Med. 5:853, 1948. 

22. This apparatus is manufactured by V. Ray Bennett and Associates, 320 So. Robertson 
Blvd., Los Angeles 48 
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ambient breathing. The respirator device is combined with a nebulizer, so that an 
aerosol can be nebulized simultaneously with the intermittent-positive-pressure 
breathing ; hence there is a more uniform distribution of the aerosol in the lungs, 
especially in those cases with far-advanced emphysema. In the treatment of coal 
miners’ silicosis a potent bronchodilator drug (such as isopropylarterenol hydro- 
chloride [isuprel*® hydrochloride, N. N. R.] or a synthetic racemic epinephrine 
hydrochloride [vaponefrin®|) has been used regularly, since in most cases a sig- 
nificant degree of bronchospasm was demonstrated by the increased values of 
maximal breathing capacity after one such treatment (the average in 300 consecutive 
cases in which there was significant emphysema being 22.2% ). Unequal alveolar 
aeration in coal miners’ silicosis is accentuated by resting in bed, as shown very 
strikingly by the improvement that occurs in the arterial blood gas exchange during 
a steady state of mild treadmill exercise.’* An unselected series of 122 coal miners 
was studied during a steady state of mild to moderate treadmill exercise. In 78 
of the men the arterial pO, was increased from 69 to 79 mm. Hg. and the arterial 
blood oxygen saturation from 92.0% to 94.1%, as compared with the basals at 
bed rest. The improved gas exchange on the treadmill resulted from a more uni- 
form alveolar aeration with the deeper breathing, similar to that produced by 
intermittent-positive-pressure breathing. These findings emphasize the undesira- 
bility of excessive rest for many patients with emphysema, fibrosis, and dyspnea, 
whether lying in bed or sitting in a rocking chair. .\ moderate amount of exercise, 
within limitations, is beneficial for many individuals, as shown by the improved 
respiratory gas exchange with mild to moderate exercise. [Hlowever, in a smaller 
number of individuals in the above series (44 out of 122) the pathologic changes 
were of such magnitude that the gas exchange was further impaired with mild to 
moderate treadmill exercise (arterial blood oxygen saturation decreased from 92.1 to 
89.1%). In the latter group of individuals the only hope is to supplement breath- 
ing by the IPPB method and thus improve the uniformity of alveolar ventilation. 
The rhythmic inflation and deflation of the lungs by the I? ?’B method promotes 
bronchial drainage, since the peak instantaneous expiratory-tlow velocity is greater 
than the peak instantaneous inspiratory-flow velocity, and the net result is to work 
secretions outward, an “expectorant-like” action similar to that by which a cough 
raises secretions. Mucus and secretions are not washed farther down the respira- 
tory tract by the I?’?PB method, but actually bronchial drainage is enhanced. 
Improved bronchial drainage has been a consistent finding with this method in 
patients having increased amounts of sputum or thick tenacious secretions, difficult 
to expectorate. This form of therapy also provides an involuntary periodic regu- 
lated breathing exercise which when administered daily over an extended period 
improves muscle tone. Individuals possessing good diaphragmatic movement may 
obtain the same benefits of improved muscle tone by taking their own breathing 
exercises, but many of the more disabled patients with impaired movement of the 
diaphragm are unable to accomplish effective breathing exercises by their own 
efforts. One or two months, or sometimes more, may be required for the beneficial 
effects of the breathing exercise and improved muscle tone to be manifest in the 
severely dyspneic and emphysematous patient even when he is taking the positive- 
pressure treatments daily. The improved bronchial drainage, the more uniform 
distribution of the aerosol to all parts of the lungs, with the consequent more effec- 
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tive relief of the bronchospasm, and the breathing exercise with improved muscle 
tone constitute the most important aspects of intermittent-positive-pressure breath- 
ing. The subjective relief results from the decrease in breathing resistance. 

The standard treatments are given with oxygen for two to three weeks three 
times a day for 20 minutes each, with the subject sitting in a chair, using either a 
mask or a mouthpiece. Light drops of isopropylarterenol hydrochloride (0.5% ) 
or of vaponefrin® (2.25%) is diluted with & drops of isotonic sodium chloride 
solution and nebulized slowly during the pressure-breathing treatment. In general, 
improvement persists in the miners for about three months following a course of 
treatments, shorter for some and longer for others. Some patients may require daily 
treatments for one or two months or more to obtain the maximal benefits possible. 
The most satisfactory results have been observed in advanced cases of emphysema 
when the individuals were able to purchase their own pressure-breathing units and 
continue the treatments over extended periods. This treatment method is not used 
on patients with recent hemoptysis or recent spontaneous pneumothorax. If severe 
coronary artery disease exists, phenylephrine hydrochloride U. S. P. or isotonic 
sodium chloride solution is used in the nebulizer instead of the potent bronchodila- 
tor drugs. In these treatments the use of 100% oxygen is very essential for pro- 
tecting against the vasoconstrictor action of the bronchodilator drugs. No cardiac 
episodes of any type have been observed following the treatments over a period of 
almost four vears of daily use of the method in this laboratory. - 

Infections of the respiratory tract in coal miners’ silicosis should be managed 
symptomatically with antibiotics (preferably administered parenterally, because of 
the danger of sensitization if they are inhaled **) along with the intermittent- 
positive-pressure treatments. The latter treatments with administration of a bron- 
chodilator drug are a valuable adjunct in minimizing bronchospasm, preventing the 
retention of secretions, and improving alveolar aeration and respiratory gas 
exchange. Sedatives and respiratory depressant drugs retard bronchial drainage 
and decrease ventilation and therefore are to be avoided as far as possible. Most 
“cough preparations” containing sedatives or depressants ** do more harm than 
good because bronchial drainage is retarded and alveolar aeration further impaired. 
Digitalis, aminophylline, and mercurial diuretics are probably the most useful drugs 
in the treatment of cardiac complications accompanying coal miners’ silicosis and 
they may be used, if indicated, without stopping the IPPB treatments. The value 
of cortisone has not been established in coal miners’ silicosis. In a small series of 
cases studied in this laboratory before and after a course of cortisone therapy 
(100 mg. of cortisone acetate ** daily for 10 days) a significant degree of the 


bronchospasm was still present, even though in some cases vital capacity and max- 


imal breathing capacity were increased. It would appear that the combined use 
of intermittent-positive-pressure breathing and bronchodilator drugs is indicated 
even when cortisone is used in the treatment of these individuals with broncho- 
spasm 

23. Gerdon, B.; Motley, H. L.; Theodos, P. A.; Lang, L. P., and Tomashefski, J. F.: 


Consideration of the Clinical and Physiologic Factors in the Treatment of Chronic Pulmonary 
Conditions, Dis. Chest 19:271, 1951. 

24. Gordon, B., and Motley, H. L.: The Pathologic and Physiologic Factors Involved in 
the Treatment of Silicosis in Coal Miners, Arch. Indust. Hyg. 2:365, 1950. 


25. The preparation used was cortone acetate, generously supplied by Merck & Co., Inc. 
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Intermittent-positive-pressure breathing appears to be by far the most promis- 
ing therapy available in providing relief and control of symptoms in the majority 
of the cases of emphysema and fibrosis with dyspnea.** Early observations indicate 
that in some cases the disease may be arrested. However, it should be emphasized 
that this is a method of treatment and not a cure in the sense that the normal condi- 
tion of the lung is restored. Most patients are able to increase their activities after 
the treatments, some to a striking degree, but in a small number a negligible change 
or no change occurs. In general the group of patients with a moderate degree of 
pulmonary-function impairment obtained the most improvement, and those with 
the far advanced impairment the least. Some miners of the group studied have 
been able to return to active work in the mines. 


CONCLUSIONS 


1. Accurate evaluation of the degree of pulmonary-function impairment requires 
(1) ventilatory measurements from spirogram tracings (vital capacity and maxi- 
mal breathing capacity), (2) the degree of bronchospasm present, (3) the degree 
of pulmonary emphysema (residual air expressed quantitatively as percentage of 
total lung volume), (4) the arterial blood oxygen saturation at rest and immediately 
after step-up exercise, (5) the oxygen extraction from inspired air (percentage of 
oxygen removed) during rest and exercise and (6) the duration of dyspnea after 
step-up exercise. 

2. No single physiologic test is adequate in evaluating the impairment of pul- 
monary function, and the chest roentgenogram is unreliable as the basis for the 
appraisal of disability. 

3. Intermittent-positive-pressure breathing (the IPI’B treatment) appears to be 
most promising in providing relief and control of symptoms in the majority of the 
cases of emphysema and fibrosis with dyspnea. The improved bronchial drainage, 
the more effective relief of bronchospasm, and the better muscle tone constitute the 
most important aspects of this method of treatment. 

4. Maximal breathing capacity is the simplest and most significant objective 
measurement which can be correlated with subjective and clinical observations of 
improvement following the intermittent-positive-pressure treatment with broncho- 
dilator drugs. Maximal-breathing-capacity measurements represent a sensitive 
test for the early detection of susceptible individuals working in environmental dust 
or other lung-irritating hazards. 

5. Studies of pulmonary function are necessary in our modern medical and 
industrial setup. These tests make possible (a) more accurate diagnosis and 
evaluation of pulmonary disability, providing a better rationale for therapy, and (b) 
earlier detection and thus prevention of prolonged exposure of susceptible individu- 
als to environmental hazards in industry. 

6. Facilities should be available at medical centers so that all problem cases 
can receive complete pulmonary-function studies, thus permitting optimal handling 
of the cases, whether it be for medical or surgical treatment, disability evaluation, 
or determination of the type of work best suited for the individual. 


26. Smart, R. H.: Personal communication to the author. Motley and Tomashefski.!% 
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VAPOR TOXICITY OF TETRACHLOROETHYLENE FOR LABORATORY 
ANIMALS AND HUMAN SUBJECTS 


Vv. K. ROWE, MS. 
D. D. McCOLLISTER, B.S. 
H. C. SPENCER, Ph.D. 


E. M. ADAMS, Ph.D. 
AND 
D. D. IRISH, Ph.D. 
MIDLAND, MICH 


kT RACHLOROETHYLENE (perchloroethylene) is widely used as a dry- 
cleaning agent, commercial solvent, and degreasing fluid and for other indus- 
trial purposes. 


The early pharmacological and toxicological literature has been reviewed by von 
Oecttingen.' Both acute * and chronic * vapor toxicity studies upon animals have 
been reported. 


\lthough there are numerous articles in the literature regarding the effect on 
human subjects of ingesting tetrachloroethylene for anthelmintic purposes, there is 
but little published information * with regard to the effects of inhaling vapors of 


tetrachloroethylene. In two reports ® the response of human subjects seems to 


resemble that of trichloroethylene poisoning (headache, fatigue, nausea, vomiting, 
mental contusion, and temporary blurring of vision). In another report *® emphasis 
is placed upon minor organic injury to the liver and the kidneys, and possibly the 
heart. 

The present experimental work was carried out as a part of a comparative study 
of the vapor toxicity of the four chlorinated hydrocarbons: ethylene dichloride,® 

From the Biochemical Research Department, The Dow Chemical Company. 

\ summary of this work was presented at the Annual Meeting of the American Industrial 
Hygiene Association, April 27, 1950, in Chicago 

1. von Oettingen, W. F.: The Halogenated Hydrocarbons: Their Toxicity and Potential 
Dangers, J. Indust. Hyg. & Toxicol. 19:349-448, 1937 


-. (a) Carpenter, C. P.: The Chronic Toxicity of Tetrachloroethylene, J. Indust. Hyg. & 


Toxicol, 19: 323-335, 1937. (b¥ von Oettingen. 


3. Lehman, kK. B., and Flury, F.: Toxicologie und Hygiene der technischen Lésungsmittel, 
Berlin, Springer-Verlag, 1938, p. 140. Carpenter.24 

4. (a) Chemical Safety Data Sheet, SD-24, Perchloroethylene, Washington, D. C., Manu- 
facturing Chemists’ Association, Inc., 1948. (b) Lewin, L.: Ztschr. deutscher Ol-Fett-Industrie 
40:421-425, 439-441, 1920. (c) Toxicity of Tetrachloroethylene, Queries and Minor Notes, 
J. A. M. A. 2141:426, 1949. (d) Morse, K. M., and Goldberg, L.: Chlorinated Solvent Exposures 
at Degreasing Operations, Indust. Med. 12:706-713, 1943. (e) Carpenter.2# 

5. Footnotes 4 a and d 


6 Spencer, H. C.; Rowe, V. K.; Adams, E. M.: McCollister, D. D., and Irish, D. D.: 
Vapor Toxicity of Ethylene Dichloride Determined by 


Ixperiments on Laboratory Animals, 
A. M. A. Arch. Indust. Hyg. 4:482-493, 1951. 
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trichloroethylene,’ tetrachloroethylene, and carbon tetrachloride.* These studies were 
undertaken so that the health problems associated with the use of these materials 
could be evaluated more fully. 

In this comparative study considerable emphasis was placed upon quantitative 
measures of acute toxicity (for the rat) in terms of both capacity to kill and capacity 
to cause nonfatal injury. It has been felt that the significance of single exposures 
(acute toxicity) in industrial hygiene has not been accorded adequate recognition. 
Actually, acute toxicity may be as important in industrial operations as 1s chronic 
toxicity. 

EXPERIMENTAL PROCEDURE 


Vaterial Tested.—Tetrachloroethylene (perchloroethylene) ClC=CClh, is a clear, water 
white liquid with a specific gravity of 1.623 at 20/4 C., with a melting point of —23.4 C., and 
with a boiling point of 121.2 C. at 74) mm. Hg. It is insoluble in water but is freely miscible 
with alcohol or ether. Tetrachloroethylene is noninflammable, nonexplosive, and will not support 
combustion. 


The material used in this experimental work consisted of eight samples of a commercial 


product, all purified by redistillation. The infrared absorption spectra indicated a purity of 
about 99.9% 


Source and Feeding of Animals—The albino rats were raised in this laboratory of stock 
obtained originally from the Wistar Institute of Anatomy and Biology in 1938. They were 
maintained on a modified Sherman diet consisting of freshly ground whole wheat, 55% ; dried 
whole milk, 25%; dried extracted liver, 12%; dried brewers’ yeast, 5%; iodized salt, 2%; 
calcium carbonate, 1%. 

The guinea pigs were a heterogeneous stock purchased from a commercial breeder. They 
were fed a diet of commercial rabbit chow.* alfalfa hay, and cabbage. 


The albino rabbits were a heterogeneous stock raised in this laboratory on the same rabbit 
chow and alfalfa hay. 


The rhesus monkeys were newly imported animals, kept in the laboratory for several months 
before use. They were fed a variable diet of a commercial laboratory chow,"” peanuts, fruits, and 


vegetables 


Single Expesures—Rats—A glass-walled chamber of about 160 liters’ capacity, similar to 


that previously described,” was used. Two large copper tubes (closed with rubber stoppers) were 
PI 


soldered into the monel™ top of the chamber so that rats could be intreduced conveniently after 
a vapor concentration had been established. A constant air flow was maintained through the 
chamber, the lowest rate for any experiment being about 15 liters per minute and the highest 


about 30 liters per minute. The desired vapor concentration was obtained by metering liquid 


tetrachloroethylene at a constant rate into the tube through which air entered the chamber, heat 
being applied at the point of vaporization as needed 


to effect complete volatilization. All vapor 
concentrations with animals in the chamber were checked repeatedly from time to time by 
combustion analyses; the results averaged better than 90° of the calculated theoretical concen- 
trations. 

The rats were introduced in groups of 5 to 12 within a period of 15 seconds and were removed 
through the chamber door within a similar interval of time at the end of the exposure. It was 


7. Adams, E. M.; Spencer, H. C.; Rowe, V. K.; MeCollister, D. D., and Irish, D.D.: 
Vapor Toxicity of Trichloroethylene Determined by Experiments on Laboratory Animals, 
A. M. A. Arch. Indust. Hyg., 4:469-481, 1951] 

8. Adams, E. M.; Spencer, H. C.; Rowe, V. K.; MeCollister, D. D., and Irish, D. D.: 
Vapor Toxicity of Carbon Tetrachloride Determined by 
\. M. A. Arch. Indust. Hyg., this issue p. 566 


9. (a) This was purina® rabbit chow (complete ration), 


Experiments on Laboratory Animals, 


produced by the Ralston Purina 
Company, St. Louis. (b) This was purina® laboratory chow 

10. Irish, D.D., and Adams, EF. M \pparatus and Methods for Testing the Toxicity of 
Vapors, Indust. Med., Indust. Hyg. Sect. 9:1-4, 194 
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shown by a continuously recording analyzer that the animals were introduced without appreciable 
alteration of the vapor concentration 
\ll the rats were selected on the basis of general appearance and apparent good health, 
males and females being used in approximately equal numbers. Animals that received single 
exposures were observed for their behavior, body-weight changes, and time of death. Survivors 
were observed for two to three weeks, or until it was certain that they had fully recovered from 


the effects of the exposure as judged by appearance, behavior, and recovery of weight. Special 


Of rats, separate from those used te determine the re lationships between intensity of 
exposure and survival, were examined for evidence of organic injury on the day following the 
single exposures, 


ingle Exposwres—Human Subjects —Exposures were conducted in a sealed room havng a 
volume of 12,860 liters. The concentration « 
the the 


t vapor in the room was established by volatilizing 
oretical amounts of liquid tetrachloroethylene with thorough mixing by means of two 


electric fans Test subjects entered the chamber atter the desired concentration was obtained. 


Continuous analyses of the vapor concentration were made throughout each exposure period 


by means of a Davis Micro Gas \nalyzer and were checked by samples taken simultaneously 


on silica gel for subsequent analysis by chemical procedures. The gas concentration in the room 


Was maintained by adding small amounts of the liquid from a buret as need was indicated by 
the readings on the Davis instrument. 


Repeated Seven-Hour Ex posures—Animals.—The exposures to 1,600 and 2,500 parts per 


million (ppm) tetrachloroethylene vapor were made in a glass-walled chamber similar to that 
used tor the single exposures 

\ metal chamber of about 450 liters’ capacity was used for the exposures at 100 ppm, and 
a rectangular galvanized sheet-metal box of about. 1,700 liters’ capacity was used for the 
exposures at 200 and 400 ppm. The concentration of 100 ppm was obtained by passing a metered 
amount of air through a vaporizer containing liquid tetrachloroethylene and into the constant 
air flow entering the chamber. The other concentrations were obtained by metering liquid tetra- 
chloroethylene and vaporizing this into the air flow entering the chamber. By means of a 
continuously recording analyzer, it was shown that in every case the vapor concentration was 
unitormly held within 10% of the desired concentration 

In the repeated-exposure experiments the Vapor concentration was established after the 
animals had been placed in the chamber. This was done by atomizing the required amount of 
tetrachloroethylene into the chamber with thorough mixing of the chamber air by means of fans, 


‘ 
and then starting ‘air flow and the tetrachlotoethylene feed so as to maintain the concen- 


of the animals used in these experiments were caretully selected on the basis of general 
appearance, body weight, and growth during a preliminary period of observation. In each 
periment, two groups of controls were used, well-matched with the experimental animals 
in respect to number, age, sex. and bi dy weight. The “unexposed controls” were simply main- 
tained the animal quarters, while the “air-exposed controls” were subjected repeatedly to 
a chamber similar to those used for the tetrachloroethylene-exposed animals. 


animals were placed in the chambers seven hours daily five days a week 


he experimental period each animal was weighed twice a week and observed 

r general appearance and behavior. Growth curves were drawn for each group, 

were kept of food consumption and mortality. During the course of the experiment 

hematological examinations were made on several groups of animals. Failing animals 

led for examination when moribund. All survivors were killed and « xamined tor evidence 
organic injury on the day following the last exposure 


mmamation for Organic Injury.—All of the animals examined for organic injury, except 


a pigs exposed repeatedly at a concentration of 100 ppm, were fasted overnight; all 
by decapitation. Observations were made on the gross appearance of each animal, 


weights were obtained. The lungs, heart, liver, kidneys, spleen, and testes were 


ssues were saved tor the preparation of sections to be stained with hematoxylin 
In many instances sections were also obtained from the following organs: adrenal, 
stomacl i bone 


marrow, urinary bladder, ureter, lymph nodes, muscle, brain, 


nerve ozen sections ot the liver and of the kidney were stained with Sudan IV 
Red O 
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In many cases, blood was obtained at the time of autopsy for the determination of urea 
nitrogen !! and/or total nonprotein nitrogen, serum phosphatase,'? and plasma-prothrombin- 
clotting time by a modification of the method of Quick.!® Likewise, in many cases a portion of 
the liver was frozen with solid carbon dioxide (dry ice) for subsequent lipid analyses. Total 
lipid was determined gravimetrically on an aleohol-ether extract; phospholipid was calculated 
from the total phosphorus content; free and esterified cholesterol were determined by separation 
as the digitonide and use of the Liebermann-Burchard reaction; neutral fat was calculated 
by difference. 

Wherever possible, the t-test !* was used in comparing the mean values obtained on the 
tetrachloroethylene-exposed groups with those of the “air-exposed controls” or the “unexposed 
controls” as designated; probability values (/’) of less than 0.05 were interpreted to indicate a 
significant difference. 


Taste 1.—Mortality of Rats Exposed to Tetrachloroethylene Vaper for Single Periods 


Rats 
Vapor Concentration 
Exposure, Number Number 
PPM Mg. I Hr Exposed That Died 
20,000 * 136.0 12 30 a0 
O08 0 
12,000 81.6 3.0 
? 5 4 
19 
1.0 20 16 
06 
0.3 ") 4 
6,000 40.5 Pal) 17 
60 10 s 
‘ 
1.0 15 
Os 11 
3,008) 0.4 5 
60 Ww 
40 ou 0 
2000 13.4 40 10 0 
0 


* Thirty rats were exposed until all had died, the 


first death occurring shortly after 0.08 hour, the last 
at about 1.2 hours 


RESULTS OF SINGLE EXPOSURES RATS 


Mortality from Single Exposures—The total number of rats used and the 
number that died from each exposure are listed in Table 1. From these data the 
lines AB and CD ot Chart 1 were located by inspection to represent the single 
exposures of minimum intensity causing the death of all rats tested and the single 
exposures of maximum intensity allowing the survival of all rats tested. 

11. Barker, S. B.: The Direct Determination of Urea in Blood and Urine, J. Biol. Chem. 
152: 453-463, 1944. 

12. Hoffman, W. S.: Photelometric Clinical Chemistry, New York, William Morrow & 
Company, 1941, pp. 138-149. 

13 Quick, A. J.; Stanley-Brown, M., and Bancroft, F. W.: Study of the Coagulation Defect 
in Hemophilia and in Jaundice, Am. J. Med. Sc. 190:501, 1935. 

14. Fisher, R. A.: Statistical Methods for Research Workers, Ed. 7, London, Oliver & 
Boyd, Ltd., 1938. 
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Gross Response and Organic Injury from Single Exposures.—Tetrachloro- 
ethylene produced only one acute toxic effect of any importance, a depression of the 
central nervous system (anesthetic effect) with but very little initial stimulation. 
This depression was manifest by varying degrees of “drunkenness,” stupor, uncon- 
sciousness, and failure of respiration, or, possibly, of cardiac function. 

Unconsciousness occurred within a few minutes at concentrations of 6,000 ppm 
or more, after several hours at 3,000 ppm, but not at 2,000 ppm. All deaths except 
a few of questionable cause occurred during the time the animals were in the 
chamber or immediately after their removal. A number of the survivors experienced 
a slight Joss of weight for one or two days, a response possibly indicative of some 
toxic action other than the depression of the central nervous system. 

When rats that survived exposures causing high mortality were taken for study 
16 to 24 hours after they had been removed from the chamber, only very minor 


80000: 


Cc 
20,000 [IN 


10,000 


6,000 


RAT 
RABBIT | 
MONKEY 


= 
a 
a 
2 
2 
a 
z 
w 
2 
o 
a 
a 
> 


| 

| 

| 
| | | | | 
| | 

05 0.1 o5 1.0 5.0 


10 
DURATION OF EXPOSURE IN HOURS 


Chart 1.—Vapor toxicity of tetrachloroethylene. Line 4B represents the least severe single 
exposures causing death of all rats tested and line C/) the most severe single exposures per- 
mitting survival of all rats tested. Line EF represents the most severe single exposures without 
death or detectable organic injury in rats. Point / represents the most severe repeated 
exposures without detectable adverse effect in the rat, the rabbit, and the monkey. Point J 
represents the minimum repeated exposure given the guinea pig: minimal effects resulted, 
indicating this to be a “borderline” concentration for repeated exposure. 


changes were found in the liver. These changes were characterized by a slight 
increase of weight, a very slight increase of total lipid content, and slight cloudy 
swelling, usually accompanied by a few diffusely distributed fat globules, observable 
upon microscopic examination, It should be noted that these livers definitely did 
not present the typical picture of “central fatty degeneration.” No pathological 
effects were observed in any of the other organs examined. 

Che response found in rats that had received exposures which did not cause any 
deaths consisted of a slight increase in the weight of the liver and in the content 
of total lipid. [Even these effects were observed only after exposures of five to 
seven hours’ duration. 
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Single Exposures Having No Adverse I: ffect.—Studies were made to determine, 
within practical limits, the maximum exposures which would not cause evidence 
of “organic injury” as reflected by liver changes manifest by increase in weight or 
lipid content and/or slight histopathological changes. The results of these studies, 
using three to five female rats per group, are summarized in Table 2. Accordingly, 
the line EF (Chart 1) was drawn to represent the single exposures of maximum 
intensity that did not cause death or organic injury in rats. 

All the exposures represented by /:F (Chart 1) had a rather marked depressant 
action on the central nervous system, evidenced predominantly by “drunkenness,” 
by an abnormal weakness, and by lack of resistance to handling. No attempt was 
made to determine the most severe exposures without detectable action on the 
nervous system; however, it was obvious that these would fall considerably below 
EF. For example, definite disturbances were apparent in about 0.2 hour at 3,000 
ppm and in less than 0.1 hour at 12,000 ppm. 


Tasie 2.—Estimation of Single Exposures of Maximum Intensity in Which Tetrachloroethylene 
Vapor Had No Adverse Effect upon Female Rats 


Exposure, Hr 
Vapor Concentration Without With 
Adverse Adverse 
PPM Mg./L Effect Effect 
12,000 S14 
6,000 40.8 
2,500 17.0 


1,600 10.9 


RESULTS OF SINGLE EXPOSURES—HUMAN SUBJECTS 

Concentration: 1,000 PPM (Range 930 to 1,185 ).—Tetrachloroethylene vapor 
in concentrations of this order were found to be markedly irritating to the eyes and 
to the upper respiratory tract. Three persons withstood the effects of the vapors for 
one minute before hurriedly leaving the chamber ; none of the three experienced any 
functional disturbances. A fourth individual tolerated the exposure for two minutes ; 
although considerable dizziness was experienced, recovery was quite rapid. 

Concentration: 600 PPM (Range 513 to 690).—Two men were exposed to 
this vapor concentration for 10 minutes, and each expressed a decided dislike for it. 
Each experienced irritation of the eves and nose, dizziness, a tightness and numbness 
about the mouth, and some loss of inhibitions. In both individuals good motor co- 
ordination was accomplished only with mental effort. Recovery was complete with- 
in an hour. 


Concentration: 280 PPM ( Range 26 to 350).—Four men received single expo- 
sures of up to two hours’ duration, and all expressed dislike for such treatment. 
Light-headedness, a burning sensation in the eves, congestion of the frontal sinuses, 


thickness of the tongue, tightness about the mouth, and irresponsibility were common 


effects. Nausea occurred in one subject after about 30 minutes but disappeared 


before the end of a two-hour exposure. The subjects felt that motor coordination was 
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impaired and that to coordinate well required mental effort. Recovery generally 
occurred within an hour, but one subject did not feel well for several hours after 
a two-hour exposure. 

Concentration: 216 PPM (Range 206 to 235).—Four persons exposed for 
periods of from 45 minutes to two hours all experienced sensations of similar char- ; 
acter. Upon entering the chamber the subjects immediately noted the odor of tetra- 
chloroethylene but did not find it seriously objectionable. Acclimation occurred 
within minutes, and thereafter the odor was barely noticed. Eye irritation (a slight 
stinging sensation) usually developed in from 20 to 30 minutes and _ persisted 
throughout the exposure period. About the same time congestion of the frontal 
sinuses with slight nasal discharge was noted. Slight dizziness (inebriation) was 
experienced by two of the four subjects, and three reported feeling sleepy. Recovery 
was complete in all cases within an hour. 

Concentration: 106 PPM (Range 83 to 130).—This concentration of tetra- 
chloroethylene vapor was not objectionable. The odor was apparent immediately 
upon entering the chamber and for but a few minutes thereafter. One of the six 
persons exposed for an hour experienced a slight fullness in the head after about 
30 minutes, but this disappeared before the end of the exposure. Motor coordination 
was good in all individuals without the application of mental etfort. No “after- 
effects” were noted, Very slight irritation of the eyes was experienced by all) for 
short transient periods during the exposure but seemed to be directly attributable 
to slight peaks in the concentration due to the periodic addition of liquid tetrachloro- 
ethylene necessary to maintain the vapor concentration. Apparently, the vapor con- 
centration of tetrachloroethylene which will cause minimal irritation of the eyes in 
the unacclimated individual lies between 100 and 200 ppm. 


RESULTS OF REPEATED SEVEN-HOUR EXPOSURES 
Concentration: 2,500 PPM (17.0 Mg. per Liter) —(a) Rats: Groups of five 
male and five female rats were subjected to repeated seven-hour exposures. These 
animals experienced rapid deaths, so that only one rat of each sex survived 13 
exposures in 18 days. All showed a severe depression of the central nervous system 
with frequent loss of consciousness. Histopathological examination of some of these 
animals and of others killed after one, two, three, and four exposures revealed no 
abnormality except in the liver, appearing as a slight to moderate cloudy swelling, 
with a few small fat vacuoles diffusely distributed. 

(b) Rabbits: Two male rabbits received 28 seven-hour exposures during a 
period of 39 days. These animals daily experienced a marked depression of the 
central nervous system sufficient to render them helpless, although not unconscious. 


Microscopic examination of the tissues revealed only a slight parenchymatous 


degeneration in a few central areas of the liver in one of the two rabbits. 

(c) Guinea Pigs: Groups of four male and four female guinea pigs were sub- 
jected to repeated seven-hour exposures. These animals experienced a considerable 
loss of equilibrium, coordination, and strength, but they never became unconscious. 


All lost weight rapidly during 18 exposures in 24 days but made a good recovery 
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and gain in weight during a subsequent observation period of 20 days. Examination 
of these and additional groups of two and three guinea pigs given 3 and 18 exposures, 
respectively, revealed an increase in liver weight with a moderate to marked central 
fatty degeneration and an increase in kidney weights with slight to moderate cloudy 
swelling of the tubular epithelium. 

Concentration: 1,000 PPM (10.9 Mg. per Liter).—(a) Kats: A group of 
eight female rats survived 18 exposures that occurred during a period of 25 days. 
Although they displayed a rather remarkable response after the first week, these 
rats sutfered but a slight depression of growth and a very slight “organic injury” 


detectable by the criteria used. During the first week these rats were drowsy or 


MALE RATS 


Y 


AVERAGE BOC 


FEMALE RATS 


20 so 70 wO 90 100 "0 120 
NUMBER OF SEVEN-HOUR EXPOSURES 


! ! ! ! 
4 26 42 56 70 a4 "2 26 40 168 
TIME-DAYS ON EXPERIMENT 


Chart 2—Growth curves of rats that were repeatedly exposed for seven-hour periods to 
400 ppm tetrachloroethylene vapor. 


stuporous when they were removed from the chamber, but they recovered rapidly 
during the ensuing few hours and ate well. Beginning with the second week, they 
showed an outstanding response consisting of the following: marked salivation, 
extreme “restlessness” or “nervousness” evidenced by continuous movement about 
the chamber and a “biting reflex” on contact with one another, an apparent stuporous 
condition, a considerable disturbance of equilibrium and coordination, and a con- 
spicuous “scratch reflex.” The intensity of this response subsided during the week 
even though exposures were continued. The same response was observed to a very 
great degree during the first part of the third and fourth weeks. 

The nature of the response suggested that the rats were experiencing stimulation 
or “irritation” of cholinergic nervous tissues. This was confirmed, in part at least, 
by the observation that the intraperitoneal injection of atropine sulfate, 0.54 and 
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1.62 mg. in each of two rats immediately prior to exposure, prevented the appearance 
of this excitable state for a period of about four hours. 

Autopsy of the rats revealed a decrease in body weight and a considerable 
enlargement of the liver and the kidney without histopathological changes. 

(hb) Guinea Pigs: A group of seven male guinea pigs received eight exposures 
in 10 days. None of the animals died, but there was a considerable loss in body 
weight. Gross and microscopic examination of the tissues revealed an increase in 
the weight of the liver with moderate central fatty degeneration and slight degen- 
erative changes in the germinal epithelium of the testes. 

Concentration: 400 PPM (2.72 Mg. per Liter)—(a) Rats: Groups of rats 
consisting initially of 15 males and 15 females tolerated 130 exposures in 183 days 
without evidence of adverse effect as judged by general appearance and behavior, 
mortality, growth (Chart 2), periodic hematological examination, final body and 


organ weights (Table 3), blood urea nitrogen, blood nonprotein nitrogen, serum 


Taste 3.—Average Final Body and Organ Weights of Rats That Were Exposed to 400 PPM 
Tetrachloroethylene Vapor for 130 Seven-Hour Exposures in 183 Days 


Organ Weights, Gm./100 Gm 
Body Weight 

Group Rats Gm. Lung Heart Liver Kidneys Spleen Testes 
52 0.65 O17 0.74 
4 0.68 O17 0.78 
6 0.76 0.17 0.78 
1 0.73 0.22 

0.74 0.21 

8 0.77 0.21 


Unexposed controls... } 369 0.71 0.34 
Airexposed controls.. 2? 357 0.65 0.34 
4) ppm tetrachloroethylene.... 35 0.69 0.35 
Air-exposed controls 0.83 0.42 
400 ppm tetrachloroethylene..... 229 0.77 OAL 


2 
Unexposed controls............. 0.76 0.40 3 
3 


phosphatase, plasma prothrombin clotting time, liver total lipid, phospholipid, neut- 
ral fat, and free and esterified cholesterol, and gross and microscopic examination of 
the tissues. 

An additional group of 22 female rats that received 14 exposures in 18 days 
revealed no abnormalities when judged by these same criteria. 

(b) Guinea Pigs: Groups consisting initially of eight male and eight female 
guinea pigs tolerated as many as 169 exposures in 236 days without evidence of 
adverse etlect as judged by general appearance and behavior, mortality, blood urea 
nitrogen, blood nonprotein nitrogen, serum phosphatase, and plasma prothrombin 
clotting time. However, there was a significant depression of growth, an increase in 
the liver weights, and increased amounts of neutral fat and esterified cholesterol in 
the livers. Gross and microscopic examination of the tissues revealed moderate 
central fatty degeneration in the liver with slight cirrhosis. 

An additional group of 15 male guinea pigs that received 14 exposures in 18 days 
showed a considerable depression of growth and increased liver and kidney weights. 
Microscopic examination revealed shght to moderate fatty degeneration but no 
cirrhosis of the liver. 

(c) Rabbits: Two male and two female rabbits received 159 exposures in 222 


days without evidence of adverse effects as judged by general appearance and be- 
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havior, growth, blood urea nitrogen, blood nonprotein nitrogen, serum phosphatase, 
plasma prothrombin clotting time, final body and organ weights, and gross and 
microscopic examination of the tissues. 

(d) Monkeys: Two male monkeys received 179 exposures in 250 days without 
evidence of adverse effect as judged by general appearance and behavior, growth, 
periodic hematological examination, blood urea nitrogen, blood nonprotein nitrogen, 
serum phosphatase, plasma prothrombin clotting time, liver total lipid, phospholipid, 
neutral fat, and free and esterified cholesterol, and gross and microscopic exami- 
nation of the tissues. 
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Chart 3.—Growth curves of guinea pigs that were repeatedly exposed for seven hour periods 
to 200 ppm tetrachloroethylene vapor. 


Concentration: 200 PPM (1.36 Mg. per Liter).—Guinea Pigs: Groups con- 
sisting initially of eight male and eight female guinea pigs tolerated as many as 158 
exposures in 220 days without evidence of adverse effect as judged by general 
appearance and behavior, mortality, blood urea nitrogen, blood nonprotein nitrogen. 
serum phosphatase, and plasma prothrombin clotting time. However, there was a 
significant depression in growth (Chart 3) in the female guinea pigs and an increase 
in the weight of the livers (Table 4). Liver analyses revealed an increase in the total 
lipid and esterified cholesterol; neutral fat and phospholipid determinations were 
not made. Gross and microscopic examination of the tissues revealed only slight to 
moderate liver changes, characterized by central fatty degeneration without evidence 
of cirrhosis. 
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TABLE 4 fverage Final Body and Organ Weights of Guinea Pigs That Were Exposed to 
200 PPM Tetrachloroethylene Vapor for as Many as 138 Seven-Hour Periods in 220 Days 


Av. Organ Weights, Gm. 100 Gm 
Body Body Weight 
Guinea Wt., - 
Group Pigs Gm. Lung Heart Liver Kidneys Spleen 
Unexposed controls 0.70 0.28 2.6 0.60 O11 
Airexposed controls.............. 3 26 0.58 0.28 0.62 0.10 
40 ppm tetrachloroethylene..... 7 0.29 3. 0.65 0.10 
Unexposed controls R55 0.26 0.59 O15 


Air-exposed controls 25 2 0.59 0.12 


200 ppm tetrachloroethylene.. . 0.65% O15 
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Chart 4.—Growth curves of guinea pigs that were repeatedly exposed for seven-hour periods 
to 100 ppm tetrachloroethylene vapor. 


Additional groups of 5 female and 15 male guinea pigs that received 14 exposures 
in 18 days showed the following changes: depression of growth, increased weight 
of the liver, and very slight fatty degeneration of the central areas of the liver. 

Concentration; 100 PPM (0.08 Mg. per Liter).—Guinea Pigs: Groups of 
guinea pigs consisting initially of seven males and four females tolerated as many 
as 132 exposures in 185 days without evidence of adverse effect as judged by general 
appearance and behavior, mortality, growth (Chart 4+), and final body weights. Two 
of the males were discarded at autopsy because of severely infected lungs, a condition 
not attributable to the exposure. Organ-weight studies (Table 5) revealed a 
statistically significant increase (P = 0.01) in the weights of the livers from the 
female guinea pigs. Microscopic examination of the tissues revealed no abnormali- 
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ties except the presence of a relatively few small fat vacuoles in the central areas of 
the livers from two of the five male guinea pigs and from all four of the females. 
Analyses of the livers from the male guinea pigs exposed to 100 ppm tetrachloro- 
ethylene gave an average total lipid content of 5.58%, compared with a value of 
4.95% found for the “air-exposed” controls. Lipid studies were not made on the 
livers from the female guinea pigs. 

An additional group of seven female guinea pigs that received 13 exposures 
in 17 days showed no evidence of severe adverse effects when judged by the same 
criteria given above. 

SIGNIFICANCE OF RESULTS 

All the observations upon rats that received excessive single exposures show 
that tetrachloroethylene has but one acute toxic effect of importance, a depressant 
action on the central nervous system (anaesthetic action). Although there is a 


definite capacity to produce some “organic injury” in the liver, and possibly in the 


kidneys, this effect is of relatively minor importance. 


Taste 5.—Average Final Body and Organ Weights of Guinea Pigs That Were Exposed to 
100 PPM > Tetrachloroethylene Vapor for as Many as 132 Seven-Hour Periods in 185 Days 


AV Organ Weights, Gm. 100 Gm 
Body Body Weight 
Guinea Wt., - ~ 
Group Sex Pigs Gm Lung Heart Liver Kidneys Spleen ‘Testes 
Air-exposed controls......... 6 821 0.74 0.28 0.56 0.10 0.48 
100 ppm tetrachloroethylene..... M 5 0.67 0.25 3.10 * 0.55 0.10 O44 
Air-exposed controls.............. F 4 923 0.77 0.25 3.07 O.Ag O11 
10) ppm tetrachloroethylene.....  F 4 gl4 0.75 0.26 3.62 + 0.4 0.09 


* 0.0. 
Pp 0.01, 


The response observed in rats receiving excessive repeated exposures appeared 
to be a functional disturbance of the nervous system. This is indicated by the high 
mortality at 2,500 ppm without severe “organic injury” and by a marked cholinergic 
response at 1,600 ppm. 

The pathologic response of the guinea pigs to excessive repeated exposures was 
predominately central fatty degeneration of the liver and even cirrhosis, which 
closely resembled that produced by mild exposures to carbon tetrachloride. Presum- 
ably, the other adverse effects, such as depression of growth and increase of the 
weight and lipid content of the liver, were related to this response. The effects 
observed in guinea pigs at 200 ppm were of this same nature, but without cirrhosis. 
At 100 ppm the effects on the liver were minimal and of questionable significance. 

The response observed in rabbits in the one experiment in which these animals 
received excessive exposures was simply an obvious depression of the central 
nervous system, with mild injury to the liver. 

The etfect of excessive repeated exposures in the monkey was not determined, 
since this species was not included in the studies at concentrations above 400 ppm. 

The quantitative data on acute toxicity, represented by the lines AB and CD, 
Chart 1, appear to be useful measures of the capacity of tetrachloroethylene to kill 
by single exposures. The slope of the line CD) appears to be unusually small in the 
light of past experience with such data, and indicates the marked dependence of 
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fatal effects upon vapor concentration alone. The data represented by EF, Chart 
1, emphasize the inability of this material to cause serious “organic injury.” Because 
of the nature of the minimal acute effects produced by tetrachloroethylene (central 
depression), a satisfactory estimate of the single exposures of maximum intensity 
without such adverse effects was not obtained from the work with laboratory ani- 
mals. It appears certain, however, that such values would be considerably less than 
those represented by EF, Chart 1, and but slightly greater than those which could 
be tolerated repeatedly. 

Single exposures of limited scope on human subjects verified this contention. 
Vapor concentrations averaging 106 ppm failed to cause significant central nervous 
system effects whereas concentrations approximating 200 ppm produced minimal 
effects. These observations are in fair agreement with those reported by Morse and 
Goldberg “4 from their study of degreasing operations using tetrachloroethylene. 

\Ithough rabbits and monkeys, as well as rats, were able to tolerate repeated 
exposures to a concentration of 400 ppm without ill effect, guinea pigs responded 
adversely. In fact, this species exhibited minimal effects in the liver from exposures 
at 100 ppm. The practical significance of this observation in the determination of 
exposures believed safe for human subjects is questionable because of the unusual 
sensitivity of guinea pigs to liver injury by chlorinated aliphatic hydrocarbons. 


CONCLUSIONS WITH REGARD TO EXPOSURES SAFE FOR HUMAN SUBJECTS 

When the results of laboratory studies on animals and human subjects are 
considered together with past experience in the handling and use of tetrachloro- 
ethylene, a fairly clear picture of the vapor toxicity of the material evolves. These 
data show that adverse effects can occur at intensities of repeated exposure far less 
than those which are dangerous to life, although probably not much less than those 
intensities of single exposure which cause mild inebriation. It is shown further that 
the first symptoms of excessive exposure are associated with mild irritation of the 
eyes and dysfunction of the central nervous system; serious organic injury is not 
likely. 

Based upon the present understanding of the toxicity of tetrachloroethylene, 
the following industrial hygiene standard is proposed: For daily exposures of seven 
to eight hours’ duration, the vapor concentration of tetrachloroethylene in the 
breathing atmosphere should not exceed 200 ppm, and the average of representative 
analyses made over the seven-to eight-hour exposure period should not exceed 
100 ppm. 

It should be pointed out further that while “peak” concentrations in excess of 
200 ppm are not considered to be serious hazards to health, such “peak” concen- 
trations should be avoided because they may reduce rapidly a person’s mental 
agility and sense of responsibility. 


SUMMARY 


Rats were given single exposures to tetrachloroethylene vapor on a varying 
concentration and period-of-time basis. The results permitted the graphing of lines 
representing the following conditions: (a) the least severe single exposure causing 
the death of all rats tested, (b) the most severe single exposures permitting the 
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survival of all rats tested, and (c) the most severe single exposures without death 
or organic injury. The most important acute toxic effect of tetrachloroethylene on 
the rat is a depressant action on the central nervous system. 


Human subjects exposed to tetrachloroethylene vapor at concentrations greater 
than 200 ppm promptly experienced central nervous system effects, whereas those 
exposed to approximately 100 ppm did not. Vapor concentrations of the order of 
600 ppm were appreciably irritating to the eyes and nose, while those of the order 
of 1,000 ppm were painful and highly disagreeable. 

Four animal species were exposed to tetrachloroethylene vapor for seven-hour 
periods five days a week for periods of up to six months. The maximum vapor 
concentration without detectable adverse effect on the rat, the rabbit, and the monkey 
was 400 ppm; the guinea pig exhibited a minimal response at 100 ppm. 

It is concluded that for daily exposures of seven to eight hours’ duration the 
vapor concentration of tetrachloroethylene in the breathing atmosphere should 
not exceed 200 ppm and the average of representative samples taken over the seven 
to eight hour exposure should not exceed 100 ppm. 

Mrs. Norabelle T. Williams performed the analytical work on lipid constituents of the liver, 


and Mr. Edward J. Schneider was responsible for the operation and vapor analyses of the 
chamber used for the exposure of human subjects. 
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THE ENVIRONMENTAL HEALTH PROGRAM OF THE UNITED STATES 
PUBLIC HEALTH SERVICE 


MARK D. HOLLIS, C.E. 
ASSISTANT SURGEON GENERAL, PUBLIC HEALTH SERVICE, FEDERAL SECURITY AGENCY, 
WASHINGTON, D. C. 


CONCEPTS OF ENVIRONMENTAL HEALTH 


N ANKIND and the environment are indivisible. As they react upon each 

other, they form a give-and-take relationship. Ordinarily, we think of man as 
moving through the environment and molding it to his desire. But it is equally 
correct, and it may be more productive, to think of the environment and man as 
moving through and changing each other simultaneously. In this give-and-take 
relationship, it is essential to know when and how to give and take. 

Environment affects all phases of public health, in greater or lesser degree. For 
example, Harvard is investigating environmental factors, such as anoxia, in relation 
to congenital defects. The National Institute of Mental Health is exploring environ- 
mental factors in thought and behavior. We have learned to think about the health 
effects of the social environment, as in alcoholism ; of the psychological environment, 
as in accidents; and of the structural environment, as in human engineering 
problems 

As the environment changes, the organism changes, too. Change is inevitable. 
The cycle of adjustments never repeats itself exactly. We have to reckon not merely 
with the fact of change but with the pace of change. 

The thread of these concepts is woven into this discussion of environmental 
health. 


The subject is “The Environmental Health Program of the United States Public 
Health Service.” Environmental health, as the term is used here, refers to those 
basic health programs essential to individual and community existence—programs 
relating to air, water, food, and shelter. In this sense, environmental health is the 


one universal health necessity. It is common to all societies and all peoples. Dif- 


ferences among areas and peoples are not differences in the basic need, but only dif- 


ferences in complexity. Orientals in remote Tibet are just as much subject to 
environmental hazards as Occidentals on Beacon Hill. 

\s a basis of understanding, it is desirable, | think, that these comments be pre- 
faced with a brief summary of the evolution of the environmental health movement 
in the Nation, with particular regard to the role the Public Health Service should 
play in the national structure. | use the word “understanding” because it is doubtful 


that all will agree upon a given course of action. To me, this lack of agreement is 


From the Public Health Service, Federal Security Agency. 
Presented at the Harvard School of Public Health Forum, Boston, March 4, 1952. 
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proper and is as it should be. Environmental health is undergoing a transitional 
development. Free debate is desirable for testing and exploring ditferences of judg- 
ment. It is essential to orderly progress. 

And one other prefatory note: It may prove more productive to discuss the 
philosophy behind the program rather than to detail activities. Accordingly, these 
comments deal with the strategy rather than with the tactics of environmental 
health. 


BACKGROUND OF THE PROGRAM 


As such things are measured, the concept of environmental health work is new. 
It is a product of the 20th century. The 19th century contributed an epochal clarifi- 
cation of the epidemiology of the more important communicable diseases. This great 
turning point in human learning gave us the basic scientific knowledge—unrefined 
though it was—on which to base protective measures against the more common germ 
diseases. Early in the 20th century, efforts at refinements in epidemiology ran con- 
currently with the job of developing a workable administrative structure, patterns 
of federal-state-local relationships, and control techniques requisite to utilizing this 
hard-won knowledge. This phase was completed largely in the first quarter of the 
20th century. Since then, our generation has had the job of applying these tech- 
niques on a mass basis. 

With respect to segments of the biological environment, the record attests to the 
success of these efforts. In the United States, deaths from filth-borne diseases are 
at the lowest point in history. Our nation is renowned throughout the world for its 
environmental sanitation practices. 

However, in our zeal to solve the environmental problems affecting the transmis- 
sion of germ diseases, | hold that we have been somewhat negligent of other biologi- 
cal, as well as chemical, radiological, and physical, components of the environment. As 
yet undiagnosed is the impact on health of the cumulative effects of modern tech- 
nology. In the past decade, the rapidity of change has far out-distanced our 
appreciation of the possible etfects of each new development. When we think that 
industrial production has increased 700% since 1900, we seldom consider fully the 
meaning of the fact that more than half of this increase has been within the past 10 
years. The fruition of the chemical age—the rapid development and broad use of 
synthetics, the expanding significance of radiation, and the like—taken together may 
have an effect on the environment much more profound than we are yet able to 
conceive, 

I hold that the speed of present technology has tossed us far out onto uncharted 
waters. From here on we travel without precedent. Never in history has a society 
employed a technology approaching that of this nation. However, what is more 
significant, the rate of change is still accelerating. 

It may be appropriate that I leave some of you in Boston with the feeling that I 
am rebelling somewhat against the established order. If | am able to provoke that 
reaction, to leave the germ of a few new ideas worthy of your thought, then certainly 
I am in the right place for it. I always think of Boston as the home of Shattuck. 
When we recall the pronouncements of Shattuck, we are encouraged to reflect and 

speculate upon some of the environmental health practices of today. 
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THE PROGRAM AS A WHOLE 


With the increasing complexity of modern environment, our health programs 
must be readjusted constantly to keep them in phase with the trends of the times. 
However, fundamentals do not change. Our responsibility remains to safeguard the 
basic essentials of life—air, water, food, and shelter. The environmental health 
program of the United States Public Health Service attempts to evaluate this back- 
ground of needs in terms of its responsibility in the national public health move- 
ment. We are not responsible for supervising local health activities, important as 
these are. State health departments generally have outgrown the practice of using 
the Public Health Service as an extra pair of hands in the environmental field. This, 
too, is as it should be. 

Within our areas of competence, we can continue a service of consultation on 
request ; we shall still be needed on problems interstate in character ; and we have 
our direct operational responsibilities. We shall continue to work in coordination 
with states and private enterprise on projects that serve the general public need. 

However, perhaps our greatest contribution will be measured in terms of our 
ability to probe into the new problems of the environment, the development of new 
techniques, new methods of management, and modernization of existing procedures 
in the interest of economy and effectiveness. Meanwhile, we shall continue to 
acquire data for evaluating the health etfects of the changing environment. 

The chief federal function today is to break ground where the state and local 
governments may be expected to move in eventually. In this sense, we are the point 
of the plow. It is our job to explore the new problems, the new techniques, the new 
methods of management which may eventually, after proper demonstration, be 
adopted generally in publich health work. 


THE PROGRAM IN SEGMENTS 

And now a brief look at the program: First, water, pure and defiled. 

Water-Supply and Water-Pollution Control.—Self evident, I believe, is the 
relation in present society between the problems of pollution of streams and the 
problems of water-supply development and use. I am sure all understand the full 
significance of water resources to industrial and urban growth. With regard to 
organic waste, we know a great deal about what to do and how to do it, but as yet 
we have been unable to solve the social and economic problems involved in doing it. 
Accordingly, as cities and industries have developed, pollution of surface waters has 
increased each year beyond the corrective measures, corrections such as construction 
of treatment works, planned location of new sources of pollution, and controlled 
stream flows. 

In the face of increasing water needs of cities and industrial machines—now 
approaching 100 billion gallons per day—water pollution in many areas of the nation 
has provoked a serious situation. Over wide areas, water conditions are growing 
progressively worse, and have grown worse each year for the past 50 years. 

In water-pollution control, public policy is to preserve and protect the primary 
rights and responsibilities of state authorities to abate and control pollution. The 


federal job is fourfold: to develop, by major watersheds, comprehensive programs 
of pollution abatement in terms of water use, to work toward some uniformity of 
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state laws and policies, to stimulate necessary corrective measures by aiding state 
officials, and, finally, to carry forward a broad program of research. 

General Sanitation Activities—The established old-line activities in the field of 
sanitation are grouped in our Division of Sanitation. These include our direct 
operational responsibilities with other federal agencies, such as the Bureau of Prisons, 
the National Park Service, and the Office of Indian Affairs. Also we have the 
national program of sanitation of interstate carriers and of American vessels engaged 
in international commerce. This program includes collaboration on design and con- 
struction of new equipment as well as maintenance of transportation facilities in use. 
This division also administers the Service’s public-water-supply program, which 
includes the sanitary-engineering aspects of fluoridation. The milk and food sani- 
tation program, certification of shellfish, and developmental work in community 
sanitation round out the general activities. Relatively new is the effort, through 
cooperative demonstrations with the Kellogg Foundation and the states, to reduce 
home accidents, now ninth in the causes of death in the nation—incidentally, the first 
cause of death for children 1 to 4. 

Communicable Diseases —Our Communicable Disease Center, in Atlanta, exists 
to help states in the important task of curbing communicable diseases, especially in 
relation to insects and other animal disease vectors. Its services include research, 
laboratory testing facilities, demonstration projects, and training programs. To 
me the Communicable Disease Center exemplifies what can be done by the scientific- 
team approach, working in an environment of high morale on a broad job. Its func- 
tions also include toxicological investigation of insecticides, work on virus and fungus 
diseases, the Epidemic Intelligence Network, and emergency and disaster service to 
states. 

Occupational Health——With regard to occupational health, in the past our 
activity in the working environment has emphasized hazards directly connected with 
the industrial process, such as silicosis in miners or lead poisoning among printers. 
While this type of service remains significant, our present tendency is to consider 
the health of the worker as a whole. General health problems are 10 times as trouble- 
some to employees as are those specifically related to the work. 

Our industrial hygiene work is in the Division of Occupational Health. We are 
broadening our concept of the occupational health problems. This broadening 
includes investigation of the causes of absenteeism, mental health problems, alco- 
holism, and better uses of available manpower. We are putting additional stress on 
in-plant health services, particularly in small enterprises, in view of the fact that 98% 
of industrial concerns employ fewer than 500 people. 

Yet to be clarified, in this broadening concept, is the categorical approach to 
improve the health of industrial workers as distinguished from general health ser- 
vices of the community. The objective in any event is the same: to maintain and 
promote the health and vigor of the men and women who compose this nation’s 
noble, productive working force. 

Radiological Health Services —Our radiological health services, in general, aim 
at developing knowledge and techniques necessary for health officials of the nation 
to meet the impact of the emerging atomic age. The expanding uses of radioactive 
materials and radiation-producing machinery require that more attention be given 
to their public-health significance. Indications are that atomic piles may soon be 
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used commercially as sources of power for industry and heavy transportation. Our 


interest must extend beyond protection of those handling the material or using 


the machines to protection of the public generally. Specifically, we have in this 
program three immediate objectives : 

1. To increase the level of understanding of health officials as to the health prob- 
lems of radiation. 

2. To provide information to states, with interpretation and consultation as such 
information becomes available for public use. 


3. To carry on research and development through collaboration with the Atomic 
nergy Commission. 


Our program of research and development has four requirements. (a) To 
develop practical methods of handling and disposing of radioactive wastes. This 
work is under way at Los Alamos, New Mexico. (hb) To develop cooperatively 
methods which health agencies can use to detect, evaluate, and minimize radioactive 
contaminants in air, Our work in this field is centered here at Harvard. (c) To 
observe the behavior of radioactive wastes in natural streams. This activity is cur- 
rently under way at Hanford in Washington, and will be pursued at the Savannah 
River project in Georgia. 


(d) To develop practical measures for detecting and 
removing radioactive material from public water supplies. This research is being 
carried on at the Oak Ridge National Laboratory in Tennessee. 

In short, we feel it essential to develop in our public-health disciplines a level of 
competence necessary to meet the emerging problems of the atomic age. Hence a 
significant percentage of our resources is being used for training at the graduate 
level. 

Environmental Health Center.—Environmental research in the Service for the 
past 30 years has been devoted primarily to the problems of building and operating 
environmental health facilities. Within our limited resources, the attention of such 
research concentrated on prime essentials: the public water supply, the disposal of 
Wastes, stream pollution, and health problems of milk and food. This research 
aimed at developing protective measures against transmission of filth-borne diseases. 

Our new environmental health laboratory at Cincinnati will be available for 
occupancy this calendar year. The building—135,000 sq. ft. (12,541.5 sq. m.) on 
six floors—will provide for the first time suitable facilities for assembling the speci- 
alized technical skills necessary to environmental research. 

It is not easy to evaluate the direction of research. Personally, I feel the Service 
should devote less etfort to refining or improving methods or techniques which are 
now generally well established. This feeling is in recognition of the limitations of 
public funds and public facilities in this field. For example, in the field of sewage 
treatment, it does not appear that it will be productive to go much further along 
present lines of investigation. The nature of municipal sewage is changing. Indus- 
trial wastes and household developments are contributing to the change. We ought 
to experiment with other methods of treatment to see if we can tighten the controls 
and accelerate the process of treatment. 

We need better methods of analyzing and measuring pollution—measuring tech- 
niques that will indicate the chronic rather than the temporary condition of polluted 
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streams. We need standard measures of metallic as well as of organic pollution, 
and measures of toxicity. 

And we need generally, in all our environmental activities, more rapid and less 
costly methods. For example, across the nation, $25,000,000 is spent each year on 
bacteriological examinations of water, using conventional methods. Perhaps other 
methods, such as that employing the membrane filter, may make it possible to reduce 
both the time and the cost of these examinations, and to improve the accuracy of the 
results at the same time. Certainly the membrane has high potentialities as a tool 
in rural sanitation. Still another possibility is the use of an infrared absorption 
technique to speed up bacteriological determinations. 

Such instruments from the physics laboratory may have many other applications 
in the work of sanitation. For example, we have used infrared light waves to 
identify chemicals—industrial wastes—that resist ordinary treatment and produce 
taste and odor problems in water supplies. Incidentally, we have as yet no way of 
knowing whether these chemicals are producing other effects on human health. 
There may be possible applications of radiation, electronics, or ultrasonics in the 
environmental health field. The ramifications of radiology alone offer fresh oppor- 
tunities in almost every form of environmental research. 

What I have tried to stress is that our potential resources for environmental 
research might better be geared to the investigation of new, emerging problems, 
employing new techniques and new ideas. 

I do not mean to say we should harness each research laboratory to a specific 
objective. It is not in the nature of research to be efficient per se in the engineering 
sense. Much research is bound to be negative in results or irrelevant to practical 
health needs. However, as Von Pettenkofer said, “The experiment which succeeds, 
teaches us nothing.” Experience has taught us that the most productive results 
come from individual investigators who have been permitted, whether by chance or 
by design, to learn all they choose, the way they choose. To some extent, the 
research team has come to perform the same function as the individual research 
worker, just as the health team has come to replace the individual member of the 
medical profession in administrative health practice. But even in the team we look 
to individual leaders. In research or in administration the leadership goes in true 
democratic fashion to the personality that shows the capacity and competence for it. 
It is not a monopoly of any single professional discipline. 

It is our aim that the Environmental Health Center, in full collaboration with 
universities, states, and other research institutions, may bring a national environ- 
mental research program into sharp focus. We aim that the Environmental Health 
Center will dedicate its facilities to keeping ahead of environmental changes and 
attacking new environmental health problems. 


ENGINEERING RESOURCES 
Some of us for a long time have felt a need for better staff work in the environ- 
mental field. As you all know, this field of activity never has been heavily endowed. 
With their limited funds and statf, program operators simply have not had the time 
to evaluate changes in the environment and to set the grade stakes for the road ahead. 
Accordingly, we have set up a small group of specialists, a Division of Engineer- 
ing Resources, including engineers and members of associated professions and 
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scientists, including social scientists, to devote their energies to determining priorities 
of need and new areas of concern in environmental health. Examples are radio- 
logical health, hygiene of housing, and manpower studies. 


ROLE OF UNIVERSITIES 


Any discussion of an environmental health program would be incomplete without 
a mention of education and training. Prof. Gordon Fair in a statement in Wash- 
ington, D. C., not long ago made a profound observation on this point. I hesitate to 
force his precise statement into the frame of my words, but the gist of what he said 
was that the responsibility of the university was to produce educated minds rather 
than trained hands. It should be apparent to all that the attitude and other mental 
equipment we bring to our work are far more important than specific skills. We can 
learn new skills on the job. Actually, we must learn new skills every year in our 
work. But we look to our education to determine how well we learn those new 
skills and how well we apply them. 


GAPS IN THE PROGRAM 


Today, we look to the universities to supply the educated minds that will find 
a place in the environmental health program, including scientific research teams. 
In research, these minds are needed to investigate problems of the chemical environ- 
ment; complexities of water pollution ; problems of applying sure scientific controls 
to processes which are now tedious and uncertain. These minds are needed also to 
form a mobile reserve force of competence and experience for emergency use. Such 
a torce is extremely desirable in peacetime, and in the present uncertain state of 
the world it is a virtual necessity. 

Investigators are needed to conduct studies that will tell us whether or not we 
have serious cause for concern about the growing use of synthetics. Particularly, we 
need to know more about the chronic, additive, and synergistic effects of these 
chemicals on human life. For example, just as we know an ounce of zinc and copper 
in combination in a stream will attack certain aquatic life more severely than 20 
ounces of copper or zinc separately, we should know more about the synergistic 
etfects of chemicals on humans. 

Still another obvious need is for information about the air humans breathe, 
considering that they take in every day five times as many pounds of air as of food. 
We have no standard methods to apply to atmospheric contaminants. We have few 
standards of healthful air. Investigators have succeeded only in the past 15 years in 
establishing a scientific understanding of the mechanism of air-borne infections. 
There is an enormous fund of ignorance to liquidate on all kinds of atmospheric 
contaminants and their effects. 

These are a few of the gaps in the public health program. We recognize these 
gaps. With the cooperation of the universities and the states, we hope to begin to 
close them. 

SUMMARY 


The Public Health Service, in a changing environment, attempts to anticipate the 
needs and the opportunities in prospect, by means of a flexible and comprehensive 
environmental health program conducted in cooperation with states, counties, 
municipalities, and private institutions. 
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Obituaries 


SIR LEONARD HILL 
1866-1952 


On March 30, at the age of 85, Sir Leonard Hill died at Corton, near Lowestoft, 
England. To us concerned with industrial problems he was best known for his 
work on compressed-air illness and on ventilation. He devised the kata-thermo- 
meter, one of the first instruments we had for appraising the suitability of indoor 
atmospheres. Much of his work paved the way for our various comfort scales of 
today, the Effective Temperature Scale, and others to follow. 

He was mostly concerned with physiology, and his studies on compressed-air 
illness were all from that standpoint. He was not mechanically minded, but he had 
a practical or applicational point of view on things physiological. He suggested the 
use of Oy-COz mixtures for de-etherization, a procedure later adapted widely to 
resuscitation from carbon monoxide poisoning. 

I was fortunate enough to see a li:tle something of him in the spring of 1931 
when he was active in research on compressed-air illness. The photograph shows 
him at Siebe Gorman’s old plant in London with one of his experimental animals 
used in the decompression studies. 

He was a very likeable person, a scholarly writer, and a fine teacher. He was 
fond of painting, particularly animals and landscapes, and always declared that he 
painted for the fun of the thing. At times his paintings had an impressionist 
quality. 

He is survived by his wife, two daughters, and four sons, one of whom is Prof. 
Bradford Hill of the London School of Hygiene and Tropical Medicine. 


Puitie DRINKER. 


(The photograph of Sir Leonard Hill is on the following page.) 
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Abstracts from Current Literature 


Physiology and Nutrition 


RESPIRATORY METABOLISM OF OLD PEorpLe DurRING Muscutark Exertion. C. Moutna and 
E. Grorar, Med. lavoro 42:315 (Nov.) 1951 


The metabolism of persons over 50 at work was studied by an open method. The work 
consisted of walking or climbing on a conveyor belt ergometer. Data were collected on energy 
consumption, on maximum capacity for aerobic work, on pulmonary ventilation, and on oxygen 
consumption per liter of air ventilated. The results were compared with those obtained under 
similar conditions on young men, and the following conclusions were drawn 

1. For equal work the energy consumption is higher in elderly people in proportion to age. 


2. The maximum capacity for aerobic work is reduced to 60% in the aged 


3. For equal energy consumption the pulmonary ventilation is relatively higher in the aged. 
4. The oxygen consumption per liter of air ventilated falls earlier in the aged than in the 
young with increasing work; this fact indicates that the aged have a smaller range to perform 
aerobic work 
Moreover, we noticed a great variety of this character, which may be due either to a different 


efficiency of the cardiopulmonary apparatus or to a varying excitability of the breathing centers. 


ENGLISH SUMMARY. 


Occupational Diseases and Hazards 


Tue PatTHoLocy AND GrowrH Benavior of EXpertIMENTAL Tumors INpucED py CERTAIN 
PeTROLEUM Propucts. A. SUNDERLAND, E. Suri, and KANEMATSU 
Suerura, Cancer 4: No.6 (Nov.) 1951 


A survey of the cutaneous tumors produced in 90 experiments by painting the skin of mice 
with various petroleum products is presented, covering structure, behavior, and metastasis 

Papillomas, squamous carcinomas, basal cell epitheliomas, and one possible spindle cell sar- 
coma have been observed. 

In general, there has seemed to be little correlation between the individual nature of the test 
material and the structure of the skin tumors. 

In spite of wide individual variations, however, there has been, in general, a direct correlation 
between the total number of tumor-bearing animals produced by a sample and the brevity of the 
latent period preceding the appearance of tumors, the number of cancers produced, and the 
brevity of the interval between the first papilloma and the first cancer. 

Although, in the experiments so far analyzed, no strongly carcinogenic sample has been 
associated with a long latent period in the appearance of the first tumors, several weak samples 
have been associated with short periods. It would seem logical to ascribe the latter finding to 
the high susceptibility of the individual mice involved. 

Lymphomas and pulmonary adenomas have been found in experimental and control mice and 
are thought to be spontaneous. 

Tumors of the liver, an adenocarcinoma of the colon, and hyperplastic changes of the mucosa 
of the stomach and the colon have been briefly described. Conclusions as to their significance 


must await further controlled study. Apartation or 


LABORATORY-ACQUIRED INFECTIONS. S. Epwarp SULKIN and Ropert M. Pike, J. A. M. A. 
147:1740 (Dec. 29) 1951. 


The authors show that persons working in research and diagnostic laboratories are often 
exposed to excessive hazards of infection and numerous dangers frequently unrecognized in the 
laboratory. 
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Bacteria, viruses, rickettsias, parasites, and fungi have been indicted as causative agents of 
laboratory infections acquired not only by technical and professional workers and students but 
by clerical and maintenance workers, and even laboratory visitors. Resulting illnesses have 
varied from unapparent infections to those with fatal outcome. 

The need for adequate protection of personnel who come in daily contact with disease- 
producing agents 1s stressed by the authors. Safety measures devised and practiced in numerous 
laboratories throughout the country to reduce the incidence of the infections are discussed. These 
include various ventilating devices, aerosols, inoculating cabinets, and special techniques for 
handling of infectious material, as well as prophylactic immunization procedures and the practice 
of using antibiotic therapy immediately after suspected infection. 

Laboratory personnel should be aware of the potential sources of infection and are encouraged 


to make use of all available satety measures as outlined. . . 


OccuPATIONAL DerMATOSES IN Puysictans. Ervin Epstern, J. A. M. A. 147:1751 (Dec. 29) 
195] 


Che practicing physician is subjected to the action of chemicals, to infections, and to neoplasm- 


producing radiations. This article is based primarily on questionnaires returned by 60 derma- 
tologists 
The most frequent of occupational dermatoses was contact dermatitis resulting from scrub- 
bing, wearing rubber gloves, local anesthetics, antibiotics, and miscellaneous causes. Five derma- 
tologists postulated that definite psychosomatic factors are present in some of these dermatoses. 
In spite of the broad exposure the number of “patient to doctor” infections is comparatively 
small. 
Radiodermatitis is still occurring, but it is preventable and is due to the physician’s negligence. 
Mechanical injuries from occupational causes are trivial. 


In general, the dermatoses contracted are fewer than would be expected from the hazards. 


Lawrence C, ARNETT, Boston. 


TUBERCULOSIS IN MepICAL StupENTS AND Nurses. H. D. Lees, J. A. M. A. 147:1754 (Dec. 29) 
1951 


The mortality rate of tuberculosis has declined rapidly in recent years. In several medical 
schools the hazard of tuberculosis has been practically eliminated. The University of Rochester 
and the Woman's Medical College of Pennsylvania have reduced the incidence of tuberculosis 
by minimizing the students’ exposure to tuberculous bodies coming to autopsies, and to unfixed 
tissues. The University of Minnesota used a program for protecting the students from cases of 
contagious tuberculosis by checking the patients admitted and the employees, instituting strict 
contagious-disease techniques, and by educating the students in self-protection methods. The 
University of Pennsylvania used all the above methods with good results. 

Tuberculosis among nurses is a definite problem and can be controlled only by employing rigid 
contagious-disease techniques on tuberculosis wards and elaborate means of protecting from 
unsuspected disease, and by frequent checking for signs of tuberculosis in the nurses. 


The value of BCG has not been established. LAWRENCE C. ARNETT, Boston. 


CONQUEST OF TUBERCULOSIS IN THE INDUSTRIAL PopULATION, METROPOLITAN LiFE INSURANCE 
COMPANY, Statistical Bulletin 32, No. 11, pp. 1-4, November, 1951. 


“A striking feature of the anti-tuberculosis campaign in our country has been the extraordi- 
nary reduction in the mortality from the disease among wage-earners and their families, espe- 
cially those living in urban areas.” Whether or not this reduction should be attributed to the 
antituberculosis campaign (salient features of which are listed), the fact itself is established by 
the excellent records for industrial policy-holders of the Metropolitan Life Insurance Company 
since 1911 

Figures are quoted to illustrate both the absolute decline of the tuberculosis death rate of 
policy-holders (the present rate is one-twelfth that of 1911, and the decline has been particularly 
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rapid during the last decade) and the decline relative to mortality rates for other causes of death. 
A table shows the tuberculosis death rates of policy-holders, by age, sex, and color for the periods 


1911-1915 and 1936-1940. Marcaret Cairns, Boston. 


DerMATOSES CAUSED BY GAs-O1L AMONG WorRKERS IN AN AsBestos-CeEMENT Factory. J. K. 
ENGEBRIGTSEN, Nord. hyg. tidskr., 1951, No. 9, p. 250. 


A general view of the working-conditions in an asbestos-cement factory in which gas-oil 
(diesel-oil) is employed as molding oil is reported. 

A very high percentage of the men exposed to gas-oil and lime water were affected by follicu- 
litis and furuncles. 

General means of protection, such as aprons, gloves, protective ointments, etc., are of ques- 
tionable value if they have a special claim on initiative and care. 

A new molding oil (paraffinum solidum emulsified in water), after being tried for some 
months, was found to solve the industrial medical problem, but it still offers some technical difh- 
culties connected with the oiling-machine. 


Industrial Toxicology 


Tue INpusTRIAL HAZARDS OF THE ORGANIC PHOSPHATES AND RELATED INSECTICIDES, 
IncLupING Paratuion. W. E. B. Hatr, Ann. West. Med. Surg. 5:1025 (Dec.) 1951. 


Phosphate esters find their greatest use as insecticide sprays, the one most commonly used 
being parathion (0,0-diethyl o-p-nitrophenyl thionophosphate). Exposure of employees can occur 
during manufacture, shipping, or use of these chemicals. 

Absorption of parathion occurs especially during inhalation and swallowing and through 
the conjunctivae. Fatalities have occurred from skin exposure alone. 

These organic phosphates, parathion included, act as irreversible inhibitors of cholinesterase. 
Normally, this enzyme controls the formation and accumulation of acetylcholine, which is vitally 
connected with the passing of nerve impulses to the muscles, voluntary and involuntary, and 
acts especially on the parasympathetic nervous system. Anything removing this controlling 
enzyme leads to an increase of acetylcholine, resulting in effects which have been found to 
resegnble the combined effects of nicotine and muscarine. With excessive doses a flaccid paralysis 
is produced, like that caused by curare. Inhibition of cholinesterase effected by the organic 
phosphates is irreversible. Toxic effects appear when tissue levels of cholinesterase drop to 
about 30% of normal. Recovery occurs only if the poisoned person lives long enough to 
regenerate cholinesterase above the critical low level. 

Deaths have resulted from inhalation of small amounts of spray. Splashing of 1% spray 
suspensions on the clothing insufficient to soak the skin has been fatal. From animal experi- 
mentation it is concluded that for man the acute lethal dose is probably between 12 and 20 mg. 
(4 to 14 grain). Toxic effects may appear in a few minutes but usually appear in several hours. 
The acute emergency lasts 24 to 48 hours, but the blood cell levels of cholinesterase are restored 
at the rate of 1% of original activity per day. 

Chronic poisoning is dangerous only in terms of cholinesterase depletion and the additive 
effects of repeated small doses before recovery has been effected. There is no permanent 
damage or increased susceptibility once this recovery occurs. 

Where there is a possibility that an organic phosphate may have caused death, blood obtained 
at autopsy should be saved and examined for cholinesterase levels. Those concerned with 
forensic medicine should become thoroughly acquainted with these substances, their action, and 
detection. 


Acute Toxicity or INHALED THORIUM CompouNDs. Ropert H. HALL, CATHERINE A. 
Stroup, James K. Scott, Rogert E. Root, L. T. STeApMAN, and HERBERT E. 
STOKINGER. Atomic Energy Project, University of Rochester, Nov. 13, 1951. 


The low toxicities of Th (NOs)..4H20, ThOs, ThF., and Th oxalate have been demonstrated 
by a series of tests in which animals breathed atmospheres containing these as dusts. The species 
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exposed were dogs, rabbits, guinea pigs, rats, mice, and hamsters. Negative findings were 
reported for mortality, urinary protein, blood NPN and urea, plasma fibrinogen, and serum 
protein. Growth depression was observed in rats exposed to ThOs. Occasional vomiting was 
observed in the dogs exposed to the nitrate \ thorough histological examination revealed 
practically no pathological changes attributed to the treatment: the exceptions were minor lesions 
of uncertain etiology in the lungs. The only positive findings were changes in the hematological 
picture, especially in the white cells, and somewhat abnormal bone marrow. Spectrographic 
analyses of the Th content of lung, femur, liver, and spleen showed a tendency for increased Th 


content with imcreased exposure NucLear Sc. 


PERIPHERAL BLoop Bone-Marrow Stupies in Expt RIMENTAL POISONING. 
Arpo Masturzo, Chem. Abst. 45:7693e (Sept. 10) 1951. 


Osmium poisoning produced by inhalation of vapors of OsO, causes normochromic anemia in 
guinea pigs and is shown principally by the lowering of the erythrocyte count and an increased 
activity of the bone marrow during the intoxication. There are extensive data on blood and 
bone-marrow analyses 


C. J. Hutt Apst.]. 


SoME New Toxic Woops: Some New MANIFESTATIONS OF ToXIcITy J. Dantin-GAaLLeca, 
\. F. Armayor, and J. Rresco, Indust. Med. 24:4] (Feb.) 1952. 


Phe authors report a small series of cases representing mill workers manipulating exotic 
woods trom Spanish Guinea (Africa). The affected workers somewhat uniformly presented 
respiratory disease. Others presented also bronchial asthma or simulations of it, and still others 
exhibited skin involvement. The severity of the situation was such that the sawmills were closed 
down, so that complete studies were hampered. 

The condition, in part, is attributed to contact with, or inhalation of, wood dust with a content 
of glucosides that perhaps decomposed to saponins. These saponins act directly as irritant 
and hemolytic agents or otherwise behave as allergens. 

Samples of some wood proved to have a high content of fungi, but the fungi were not 
specifically identified. Whether they contributed to the pathologic conditions éncountered 
uncertain 


is 
It is possible that the major manifestation derived from chemical action, but always the 
possibility of allergy deserves consideration. 


Various woods have been identified as causative of the lesions described. Their reduction 
to a dusty state or to sawdust may be requisite. 


Chemical laboratory investigation revealed the presence of glucosides which apparently were 
somewhat readily transformed to saponins. 


ADAPTATION OF AUTHORS’ SUMMARY. 


Curome Uncers oF THE SKIN AND Nasa SEPTUM AND THEIR RELATION TO Pater TESTING. 
Watter F. Eomunpson, J. Invest. Dermat. 17:17-19, 1951. 


Of 285 workers in a chrome ore-processing plant, 69.5% had chrome ulcers or scars, and 
61.4% pertorated septa; there seems to be a direct relationship between severity of exposure to 
chromate dusts and the rate of attack upon the septum. Patch tests showed no evidence that 


chrome ulcers or perforated septa have a tendency to sensitize the individual to K:Cr.O;. 


P. Y. J. 


Errect oF Sopium anp ZiRCONIUM CITRATES ON DISTRIBUTION AND EXCRETION oF 


InjecTED Raptoteap. Jack and MARcIA R. Wutre, J. Lab. & Clin. Med. 
39: 260 (Feb.) 1952. 

Twenty-five minutes after a carrier-free solution of Pb?!° had been injected intravenously 
into rats, approximately 10% of the injected dose of Pb?'® was in the blood (essentially the 


cellular fraction), from which it disappeared with a half-time of 30 hours. At the same interval 
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after injection of Pb?!° with carrier Pb, only 6% of injected Pb?! was in the blood cells and 
approximately 22% in the plasma. The Pb in the plasma fraction left rapidly, less than 2% of 
the dose remaining after three hours. 

Sodium or zirconium citrate injected after carrier-free Pb*'° did not affect the rate of 
disappearance of Pb?) from the blood, the tissue distribution, or the fraction excreted. In rats 
receiving 1.03 mg. of Pb as lead acetate labeled with Pb?!°, zirconium citrate did not affect the 
immediate rate of disappearance ot Pb2!° from the blood, but it caused more than a threefold 
increase in the Pb?! excreted during the first 24 hours and a decrease in the kidney excretion. 
The sodium citrate was without effect on blood disappearance rate, tissue distribution, or 
excretion of the Pb?!°. 


Leap PotsonInc IN YouNG CHILDREN HUNTINGTON WiILtIAMs, EMANUEL KAPLAN, 
Cuarvtes FE. Covcuman, and R. R. Sayers, Pub. Health Rep. 67:230 (March) 1952. 


Lead poisoning of children caused by ingesting lead from surfaces coated with lead-containing 
paint is apparently widespread throughout many parts of the nation 

The incidence is high in the city of Baltimore, where it occurs in children of teething age 
living in old, run-down, rented properties in which lead paint had been used indoors for many 
years. 

Public health education, coupled with a “lead consciousness” on the part of physicians and 
pediatric clinics of local hospitals, and with a blood-lead laboratory service offered by the city 
health department, has resulted in a marked increase in case recognition 

It is hoped that the application of principles involving education and the enforcement of 
measures regulating the use of lead-containing paints will result in material reduction and 
eventual eradication of child lead poisoning in Baltimore. 


SoME OBSERVATIONS ON THE Toxic Properties oF 3:5 Dinitro-Ortno-Cresor. V. H 


Parker, J. M. Barnes, and F. A. Denz, Brit. J. Indust. Med. 8:226-235 (Oct.) 1951 

Dinitro-o-cresol is used in agriculture as an insecticide, and the occurrence of deaths among 
workers has indicated the need for investigation of its toxicity. The possibility of cumulative 
action, the level of dinitro-o-cresol in the blood, and the effects of external temperature, alcohol, 
and nutritional state were studied on laboratory animals. Near-lethal doses of the compound 
injected into animals caused prostration and marked increase of respiratory rate. Within four 
hours the animals either died or recovered. Daily injections of 20 mg./kg. produced no 
cumulative effect; on the other hand, no tolerance was developed. A single dose of 5 mg./kg 
caused no visible signs of poisoning, but hourly injections caused the appearance of charac- 
teristic symptoms after the fourth or fifth injection. Death took place in both rats and rabbits 
after the total dose amounted to 25-35 mg./kg. The number of deaths from injections of 
20 mg./kg. was reduced when the animals were kept in a cool (5-10 F.) place. Over 90% of 
the dinitro-o-cresol in the blood was found in the plasma. The time required for the dinitro-o- 
cresol level in the blood to fall to half its initial value after a single injection of 10 mg./kg. was 
3 hours in the rabbit, 15 hours in the rat, 20 hours in the cat, and 36 hours in the dog. Between 
4 and 10% of injected compound could be recovered in the urine. Alcohol did not affect the 


severity of the poisoning. B. H. Ampur, Cambridge, Mass. 


EXPERIMENTAL AsBEsTosiIs. W. voN BEHRENS, Schweiz. Ztschr. Path. u. Bakt. (Rev. suisse 
path. gén. bact.) 14:275-297, 1951. 


Focal fibrosis produced by chrysotile asbestos (fiber length, 5-180 4) in the peritoneal cavities 
of mice and in the lungs of rats is the result of a nonspecific foreign-body reaction. The 
asbestos was not dissolved, nor did it exert any toxic action, and the formation of asbestosis bodies 
was not observed. The latter could not be induced in vitro. Asbestosis bodies are considered 
as the product of a nonspecific reaction of certain tissues to filamentous foreign bodies. They 
do not seem to have any bearing on the pathogenesis of asbestos fibrosis. 


= 
= 
: 
fs 
a 
5 
4 
ve 
: 


594 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Two Cases or PoIsONING FROM CHLORINATED RUBBER ENAMEL. ErtIcn WeEtns, Deutsche 
ined. Wchnschr. 76:745, 1951. 


The symptoms of two workers are described who painted a pit over a two-day period with 
a chlorinated rubber enamel (1). Colorless I consists of Pergut 22, Clophen A 60 dissolved 16, 
Alkydal 50, G-solution 22, Sintol 3, xylene 18, toluene 15, drier 0.5, and ethoxyethanol 3.5%. 
Foundation white I consists of colorless I 65% and lithoxin 35%. FEiszellenfarbe white (the 
finishing coat) consists of colorless I 80% and TiOs 20%. Each of these formulations contains 
a large percentage of xylene and toluene, and inhalation of the vapors of these benzene homologs 


ause » ines 
caused the illness Morris B. Jacogs [Cuem. Apst.]. 


A New SeEnNs!ItTiveE MetHOpD FOR DETERMINING CARBON MONOXIDE IN BLoop. HEINZ 
ROSSMANN, Klin. Wehnschr. 27:280-282, 1949. 


Infrared rays are passed through two adjacent chambers, in one the CO-containing mixture, in 
the other air. Each beam then passes into two closed measuring chambers, which are separated 
from each other by a membrane condenser. The beams are interrupted in equal phase by a 
rotating shutter. As the CO absorbs the heat rays in proportion to its concentration, the pressure 
rises in the corresponding measuring chamber, causing a capacity fluctuation in the membrane 
condenser. The resulting voltage changes are amplified and measured with a millivoltmeter. 
The sensitivity depends on the length of the analysis chambers and the voltage constancy in 
the condenser. The instrument used detected differences of 0.005 vol. % in mixtures of 0 to 0.05 
vol. % CO. The gases in 1 to 5 ec. of oxalated blood are extracted by the method of Sendroy 
and Liu (cf. Chem. Abst. 25:531, 1931) and the CO is passed into the analysis chamber in the 


usual way. Carter D. Jounston [CHem. Apst.]. 


Tue TREATMENT OF LEAD PoIsONING witn Fotic Acip. E. Hesse and W. FLorer, Klin. 
Wehnschr. 29:232-233 (March 15) 1951. 


Animal experimentation showed that the subcutaneous administration of folic acid was 
successful in controlling poisoning in rabbits which had received about six times the lethal dose 
of white lead; control animals, given vitamin Bis (cyanocobalamin U. S. P.) and BAL (dimer- 
caprol U. S. P.) under comparable conditions, were not protected. The administration of folic 
acid was then successfully tried in two cases of occupational lead poisoning. 

The first patient was a man aged 35 who suffered severe colic; later he was admitted to 
hospital for suspected ulcer. On examination the skin and the mucous membranes were pale; 
there were no signs of disease in the gastrointestinal tract; the blood showed hemoglobin 65%, 
erythrocytes 3,400,000 per cubic millimeter, and basophile stippling in 2 per 1,000; coproporphyrin 
2.2 mg. per liter of urine; erythrocyte sedimentation rate [ESR] 2/6; no lead line on the gums. 
The diagnosis was slight lead poisoning. Folic acid (“folsan”) was given subcutaneously in doses 
of 15 mg. daily. In 5 days the basophile-stippled erythrocytes reached 7 per 1,000; the ESR was 
15/50 and the coproporphyrin was 0.48 mg. per liter of urine. After 120 mg. of folic acid had 
been given, no stippled erythrocytes were seen, the coproporphyrin was 0.2 mg. per liter, the 
ESR was 11/25, the hemoglobin was 75% and the erythrocytes 4,000,000 per cubic millimeter. He 
was discharged, free from symptoms, after 16 days in hospital. 

The second patient was a man aged 25 who complained of colic and was admitted to hospital, 
ulcer being suspected. There was a dark line on the gums which biopsy showed was due. to 
intracellular particulate lead sulfide; the blood showed hemoglobin, 75% ; erythrocytes, 4,020,000 
per cubic millimeter; 15 per 1,000 erythrocytes with basophile stippling; 1.8 mg. coproporphyrin 
per liter of urine. There were no signs of disease in the alimentary canal. The diagnosis was 
lead poisoning. The patient was given 15 mg. of a preparation of folic acid (“folsan”) daily, 
subcutaneously. In five days the erythrocytes with basophile stippling had increased to 68 per 
1,000; the coproporphyrin decreased to 0.48 mg. per liter; the colic ceased. After 225 mg. of 
folic acid had been given, the stippled erythrocytes were 3 per 1,000, and the coproporphyrin was 
0.48 mg. per liter; the lead line had disappeared; the treatment was stopped. On examination 
eight days later the stippled erythrocytes were 1 per 1,000, and the coproporphyrin was 0.12 mg. 
per liter of urine. Further clinical investigation of folic acid therapy, combined with observation 


*xcreti is recommended. 
of lead excretion, is recommended E. L. Mippretron [Butt. Hye.]. 
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SEVERE CORNEAL AND CONJUNCTIVAL INJURIES OF THE PALPEBRAL FissurRE AREA IN 
HyprRoQUINONE Workers. M. Kraunstover, Zentralbl. Arbeitsmed. u. Arbeitsschutz, 1, 
No. 4, 75-80, July, 1951. 


Over a period of 20 years the author has examined about a dozen cases of ocular injury 
among workers in one firm manufacturing hydroquinone (dihydroxybenzene |CsH.(OH):2]). The 
lesions included pigmentation of the cornea of the palpebral fissure, ulceration and erosion of 
the cornea, and injuries of the conjunctiva and spongy thickening and swelling of the parenchyma 
and epithelium. 

The less severely injured eyes generally healed without sequelae, the lesions of the conjunc- 
tiva being more reversible than those of the cornea. In three cases, however, the lesions failed 
to respond to treatment and these are described in detail, together with those in a fourth case, 
in which an acute outbreak of symptoms followed the accidental entry of a minute crystal of 
hydroquinone into the eye of a workman who had been exposed to hydroquinone 10 years 
previously, with at that time only slight lesions and subsequent complete healing. In three of 
the long-standing cases, corneal ulcers developed on the site of the original brown pigmentation ; 
further complications included herpetiform lesions, keratitis, hypopyon, and thick corneal scars 
In spite of repeated surgical intervention—cauterization and excision of ulcers and scars—all 
three patients eventually had reduction of visual activity to perception of fingers at 1 to 3 meters. 
The fourth, whose lesion was in the acute stage, presented a corneal ulcer three days after 
accidental contact of a crystal of hydroquinone, with hypopyon of the anterior chamber. After 
cauterization the ulcer healed, but a central epithelial lesion remained, and later a blister 
developed. 

The author emphasizes the fact that the condition is not one of acute erosion, such as is 
produced by caustic agents, but a chronic chemical injury, with delayed development of the 
most severe symptoms. 

He agrees with earlier authorities who attribute the original injury to the deposition of 
colorless hydroquinone, which in time becomes oxidized in the ocular tissues to brown benzo- 
quinone ; it is the latter which produces the secondary injuries. He states that the problem is one 
of environmental hygiene, in which adequate ventilation and enclosure of the process are the 
most important aspects. No new cases have occurred since a new building embodying these 
measures was erected in 1938. The condition has now been included in the German Schedule 
of Industrial Diseases as “parabenzoquinone injury of the eye in chemical processes.” 


ETHEL BrowNinG [Butt. Hye.]. 


Tue AcTION OF DIFFERENT FORMS OF SILICA IN SENSITIZED ANIMALS. W. Kocu, Frankfurt. 
Ztschr. Path. 60:58-96, 1949, 


The experiments were intended to throw light on the mechanism of the lung changes in 
silicosis and especially on the causes of variation in individual response to silica. Starting with 
the observation that lipoids and iron are somehow connected with the specific tissue response 
and also with allergic reactions, long-term experiments were made with rabbits. Subcutaneous 
injections of quartz or colloidal silica were given, usually twice weekly, together with albumin, 
nucleic acid, or a specific antigen mixture called “gripcalin.” Animals were killed and examined 
at periods varying from a few weeks up to 36 months; some are still under observation. 

The tissue reactions are described in detail. With quartz, a foreign-body granuloma develops, 
followed after a few weeks by necrosis, which is complete after five months. More interstitial 
tissue seems to be drawn into the necrotic centers, and formation of fibrous tissue begins. Fibrosis 
is just visible after six months and very well developed after three years. There is an inter- 
mediate accumulation of fat during the necrotic and early fibrotic stage, and the fat particles 
appear especially in the cells surrounding the small fibrotic nodules. At the late fibrotic stage 
little fat is visible. Iron pigment appears at about the same time as the fat and persists in the 
fibrotic areas. 

With colloidal silica, only the initial reactions are the same, namely the formation of a 
resorption granuloma followed by necrosis. The necrotic material 
removed, and no fibrosis occurs up to about 18 months. 
which may reach several inches in diameter. 


is, however, currently 
After this, cysts begin to develop, 
These cysts are not at the site of the injections. 
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One cyst contained, on analysis, 92% protein and water, 3.5% lipoids and fats, 4.4% silica 
and 1.1% other ash [a total of 101]. At the same time as the cysts begin to develop the animals 
lose condition; they show no resistance to bacterial or fungal infections, and they tend to die 
in a few months. 

The description of the results is followed by a review of the literature of the silicotic process 
and a very interesting and detailed, although speculative, discussion which cannot be given in full. 
Ihe chief points are that the action of quartz is a mixed one, due partly to foreign-body effect 
and partly to silica solubility. The action of colloidal silica depends on its dosage. Small 
amounts are removed without leaving any traces; too large amounts lead to instantaneous 
death. If intermediate doses are, given, as in these experiments, the results show that the 
organism, in order to cope with the toxic silica, forms a complex of silica, fat, and protein. The 
complex formation is aided by oxygen; the iron pigment does not come from blood but is the 
débris of oxygen-transferring catalysts. The formation of the complex and the transport of 
the silica are regulated by the reticuloendothelial system. If the amount of soluble silica offered 
is too large, the mechanism breaks down, and the cyst formation indicates that the toxic material 
is being stored by encapsulation in the subcutis. 

The effect of the sensitizing protein is to increase the capacity of the organism to cope with 
larger amounts of silicic acid and to enhance the formation of necrotic areas; it may also enhance 


the fibrogenic tendency. G. Nacetscumipt Hye.]. 


INCIDENCE OF ALLERGIC DISEASES IN CONNECTION WITH THE MANUFACTURE OF Castor OIL. 
V. Miskoiczy, Népegészségugy 31:253-256 (April) 1950. 


In 1938 the author treated a patient suffering from an asthmatic attack, and an investigation 
of his home environment showed that many persons living in the vicinity also suffered from 
asthma. The agent was finally traced to a factory situated in the same street, in which castor oil 
was manufactured. The author obtained a sample of ground castor oil seed residue for 
examination, and after contact with the material experienced a severe asthmatic attack, in spite 
of the fact that he had never suffered from asthma before. During the process of manufacture 
the seeds were crushed between rubber rollers and the husks were blown away in a current of 
air; much dust was given off in this process and the men worked with open windows, so that 
the dust escaped into the neighborhood. The oil was extracted from the ground seed with 
benzene, and the oil-free residue gave off much dust when it was shoveled into sacks and 
removed. The workmen frequently changed their jobs, saying that they could not stand the 
dusty conditions. 

In all, 45 factory workers and persons living in the vicinity were found to have allergic 
disease that was probably to be attributed to castor oil seed dust. Eleven had asthma, 27 
urticaria, 3 conjunctivitis, and 2 bronchitis, and 2 persons suffered from joint swellings. Two 
of the patients were railway workers, who suffered from attacks when handling sacks of 
extracted residue. Numerous cases of possible allergic disease were also reported from an 
adjacent barracks. In the case of one factory worker, asthmatic attacks could be prevented 
by prophylactic treatment with “antistin” (a European antihistamine compound) ; when the use 
of the drug was discontinued, the man remained free from attacks, although still exposed to the 
same environment, and he had apparently become desensitized. 

Severe conjunctivitis was a marked feature in 25 of the 27 cases of urticaria; it responded 
rapidly to oral administration of “antistin.” Bronchitis occurred in a child aged 11% years; the 
disease resisted all treatment, but improved when the family moved from home. The attacks 
came on whenever the factory was processing castor oil, although the house was one kilometer 
away from the factory in the direction of the prevailing wind. [See also Bull. Hyg. 23:188, 
1948; and 666, 1949.) D. J. Baver Hye.]. 


Aspects oF Curonic Porsontnc with TNoRGANIC MercurRY. Lars FRIBERG, Nord. hyg. 
tidskr. 1951, No. 9, p. 240. 


Among 91 workers who had been exposed for relatively long periods to inorganic mercury, 
7 definite cases of chronic mercury poisoning were observed. Tremor was the most valuable 
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symptom in diagnosing chronic mercury poisoning. In 5 out of 6 cases in which pronounced 


tremor was present, the symptom disappeared or was markedly reduced after some months of 


work without exposure to mercury. 


No definite poisoning was observed in workers with a period of employment shorter than 


eight years or in workers whose urine contained less than 150 7 per liter 


In workers placed in jobs in which they were not exposed to mercury, the urinary content 


of this element had diminished considerably after two months. After that period it decreased 


more slowly. In one of the persons examined, considerable amounts of mercury were shown 


(100 7 per liter of urine) after about two years’ work without exposure to mercury. 


Mercury values of 200 to 300 ¥ inorganic mercury per liter of urine can probably be tolerated 


during a period of at least 10 years’ exposure without any signs or, at all events, any noticeable 


ADAPTATION OF ENGLISH SUMMARY. 
Medicine and Surgery 


OccuPATIONAL INJURIES OF THE EYE AND THEIR TREATMENT: MeEpications. W. B. 
Matruew, J. Internat. Coll. Surgeons 17:187 (Feb.) 1952. 


Matthew outlines the experience he has had in the treatment of occupational ocular injuries, 
with emphasis on the fact that when surgical treatment is necessary it should be handled by the 


simplest possible technique, one that requires a minimum of manipulation, either of the eye or 


of its adnexa. Similarly, that form of medication should be used which is mildest and gives the 


patient as little discomfort as possible. Two lists of drugs are given, one containing the medi- 


cations preferred by the author and the other made up of alternative but less applicable 


preparations. The dangers associated with conjunctival allergic reactions to certain drugs are 


pointed out. 


Environmental Conditions 


Tue Contror or Arr PoLLuTION IN THE CHEMICAL INDUSTRY. Marcus SITTENFIELD, 
Chem. Engin. Progress 47:481-483, 1951. 


Sittenfield reviews the subject. cy 


MANTELL. 


MayNarD E. 


METEOROLOGICAL Factors IN ATMOSPHERIC POLLUTION PROBLEMS 


Indust. Hyg. Quart. 12:151 (Dee.) 1951. 


A study of test oil-fog dispersions from a 420 ft. (128 meter) tower at the Brookhaven 
National Laboratory indicated that the Sutton formula describes the diffusion for short periods 


only. Hourly mean concentrations for lapse and neutral conditions were lower by factors of 


10 and 4, respectively, than predicted values. Satisfactory correlation was obtained by deter- 


mining variations in wind direction and velocity during test periods and then applying the 
Sutton formula according to the per cent of time wind blew in each direction. Under inversion 
conditions no agreement was found between actual and predicted concentrations. The author 


states that the isotopic turbulence assumed by Sutton does not obtain under stable conditions. 


Twelve references are supplied. 


R. Dennis, Boston. 


Arr PoLLution AND METHODS OF CONTROL. STANLEY Scott, Indust. Hyg. Quart. 12:155 


(Dec.) 1951. 


Scott reviews the air pollution problem, discussing various types of contaminating emissions 


and the relationship which meteorological and topographical conditions bear to the ground-level 


concentrations in a given locality. The specific problems confronting California are emphasized 


along with suggested means of control. Twenty-six references are given. 


R. DENNIs, Boston. 
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ATMOSPHERIC SANITATION IN Los ANGELES County. FLoyp H. Viets, Heat. & Vent. 49:86 
(Feb.) 1952. 

In the Los Angeles area, air pollution regulations require of most industries the recovery of 
85 to 93% of the particulate matter being emitted to the atmosphere. Of 58 gray-iron foundries, 
15 have abandoned cupola melting and are now using reverberator furnaces, and one is using an 
electric furnace. The majority of the rest are installing bag collectors preceded by gas coolers. 
Wet scrubbers and washers and centrifugal devices were not found satisfactory for this service. 
Collector costs averaged $1,162 per ton process weight per day 

The coffee-roasting industry has eliminated its problem by the installation of secondary 
burning equipment to raise the temperature of effluent gases to a point where all carbonaceous 
and odoriferous material is burned. The fish-processing industry, which had been a tremendous 
odor problem, corrected its condition by better process control. The nonferrous foundry industry 
is adopting bag collectors, and steel plants electrostatic precipitators. Sulfur dioxide has been 
reduced to one-fifth of its former value by the installation of absorption equipment. 

Certain hydrocarbons (particularly the unsaturated ones), in the presence of sunlight and 
finely divided dust particles, are converted to aldehydes, peroxides, organic acids, and other 
constituents which are productive of smog effects. 

A million backyard incinerators contribute some 90 tons daily of aerosols and a like quantity 


of aldehydes, oxides of nitrogen, and organic acids. . W. Finer. Botton 
ST, bos 


Poison GASES IN A PLANT ProcesstnG Scrap ALUMINUM. A, HuNo.Lp, Chem.-Ztg. 75:146- 
147, 1951. 

In a Berlin plant processing scrap Al into pure Al, the dross gave off gases that smelled like 
NH, and HeS. The melting process was conducted in a rotary furnace using oil from brown coal 
as fuel. The fluxing materials were NaCl and KCI. Chemical analysis of the dross showed it 
to consist essentially of Al and Fe; also present in smaller amounts were Cu, Mg, Ca, and Mn. 
These metals occurred chiefly as oxides. If the metal drosses are treated with hot water or, as 
occurs in practice, the hot drosses are quenched with water, NH» and H:S are evolved. By the 
action of acidified water, acetylene is produced and a small amount of PHs. Chemical proof 
of the formation of the gases was then established by treating the dross in experimental 


apparatus. A theoretical discussion is included EK. G. Merrer [Cnem. Apst.] 


Determination of Air-Borne Contaminants 


Stupies on Dusts: I. A Layer on Sinicious Dust 
SuRFACES. D. W. CLeLtanp, W. M. Cum™ine, and P. D. Ritcuie, J. Appl. Chem. 2:31- 
41 (Jan.) 1952 


Phe chemical theory of silicosis indicates that the pathogenicity of a silicious dust should 
be directly related to its solubility. Evidence is presented to demonstrate that a high-solubility 
surface layer is present on dust particles prepared from widely different silicious materials. The 
authors state that a silicious dust particle may be considered as a relatively insoluble core covered 
with a layer which exhibits a higher solubility rate. The solubility rates of successive layers 
decrease gradually, indicating that there is a gradual and continuous change from the surface 
inward. 


Phe high-solubility layer was removed by agitation in aqueous media buffered to pH 7.5 


for all dusts examined W. Fresr. Boston 


PHysICOCHEMLCAL Stupies ON Dusts: Il. NaturE AND REGENERATION OF THE HIGH- 


SoLuBiILity Layer on Siricrous Dusts. D. W. CLELLAND and P. D. Ritcute, J. Appl. 
Chem. 2:42 (Jan.) 1952. 


Ot the several possible mechanisms to account for the presence of a high-solubility layer on 


the surface of the silicious dust particle those involving (1) the formation of hydrated silica by 
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adsorption of atmospheric moisture on fresh crystal surfaces exposed during grinding, or (2) 
the inactivation of fresh and active surfaces by adsorption of substances from the solvent are 
discarded on the basis of experimental evidence. The most likely explanation is thought to be 
that a considerable amount of vitreous silica forms on the crystalline suriaces during grinding. 

The effect of polishing quartz surfaces which had been freed of their high-solubility layer 
was to increase many times the rate of solution of the silica. The silica liberated into solution 


was shown to be mainly in the colloidal form. MM. W. Finest, Boston. 


Stupy oF Dusts 1n INpuUstTRIAL ATMOSPHERES: VI. PHOTOELECTRIC APPARATUS AND 


APPARATUS FOR COLLECTION OF LARGE SAMPLES. P. F. Hott, Metallurgia 44:108-110, 
1951. 


Holt describes the photoelectric methods of obtaining instantaneous readings which are a 
measure of the dustiness of the atmosphere. The application for the collection of large samples 
or fundamental researc “SIS scribe 
for fundamental research purposes is also described. H. Stoertz |Cuem. Asst.]. 


Ventilating, Air Conditioning and Engineering Control 


THe oF BERYLLIUM OXIDE IN THE CERAMIC INDUstTRY. A. J. Brestin, Am. 
Ceram. Soc. Bull. 30:395-398 (Nov.) 1951 


For several years a number of plants have been operated under contract to the Atomic 
Energy Commission to supply beryllium materials for Commission projects. No cases of 
beryllium poisoning have occurred at the plants which have been operated in compliance with 
commission recommendations. A review of the methods employed at these plants reveals that 
the essential elements of an adequate health program are (1) carefully planned operations with 
a minimum of manual handling, (2) sound local exhaust ventilation, (3) dust monitoring, (4) 


rigorous housekeeping, and (5) enforced personal hygiene. Ixpust. Hyco. Dicest 


Repuction oF Sutruric Acip Fumes. L. L. Fark, Indust. Hyg. Quart. 12:164 (Dec.) 1951. 


In one step of the manufacture of titanium dioxide pigment, large quantities of acidic gases 
are released in a very short period. These gases contain sulfuric acid mist and droplets, some 
sulfuric trioxide and dioxide, and large quantities of steam. A Schutte-Koerting jet scrubber 
was installed to scrub the sulfuric acid constituents from the stack gases, the peak scrubber 
operation being timed to the period of maximum gas evolution. The water-scrubbing medium 
is neutralized to prevent corrosion and the creation of a water-pollution problem. The equip- 
ment, with proper operational and maintenance precautions, has operated satisfactorily, resulting 
in an effluent consisting of saturated air with minor amounts of acidic constituents with no 


carry-over of acid mist or acid-wetted ore particles. Aurwor’s SuMMARY. 


Tue VENTILATION oF Coat Mines. J. G. Bromitow, J. Inst. Heat. & Vent. Engineers 
19:527 (March) 1952. 


The “downcast” and “upcast” system of ventilation normally adopted in British coal mines 
is described. Then the purposes of mine ventilation are discussed, namely, the dilution and 
removal of noxious gases and dusts and the creation of a thermal environment in which work 
may be performed with efficiency and reasonable comfort. 

Firedamp, mainly methane, is found in large quantities, and experiments in which an attempt 
is being made to drain the gas from the strata directly to the surface are showing promising 
results. With the increased underground use of diesel engines, attention is being paid to the 
carbon monoxide and oxides of nitrogen introduced from the exhaust gases. 

The yearly number of certified cases of pneumoconiosis reached a peak in 1949, and efforts 
are now being made to combine ventilation and dust suppression techniques so that dust con- 
centrations at all faces will be in accordance with “approved dust conditions” adopted by the 
National Joint Pneumoconiosis Committee. These conditions are such that a miner having the 
disease only in its early stages may continue to work underground without further danger to 
health. 
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\s the depth of the mine increases, there is greater difficulty in maintaining reasonable thermal 
conditions, owing to the geothermic gradient and the compression of the air. The effect of the 
large quantities of water being used for dust suppression is to increase the wetbulb temperature 
and thus aggravate conditions. Air conditioning will probably be necessary at depths greater 
than 4,000 ft. (1,219 meters). The thermal insulation of intake airways in order to reduce the 
heat gain does not appear to be practicable. 

The regular ventilation surveys of air quantity, ventilation pressure, methane, heat and 
humidity, and dust concentration are discussed, and descriptions of some of the instruments used 
are given 

The latter sections of the paper supply technical details related to the planning of the 
ventilation of new and reorganized mines, and to the equipment used. In particular, the relative 
merits of axial- and radial-flow fans are discussed. The paper ends with a description of the 
auxiliary fans and ducts used for the ventilation of headings. 


The discussion that followed the presentation of the paper is reported. 


Davip E. Hickisn, London 


CaTaLytTic COMBUSTION OF ATMOSPHERIC CONTAMINANTS IN) EFFLUENT FROM WIRE 
ENAMELING Ovens. A. E. Goss, Wire & Wire Products 26:1051-1055 and 1089 ( Nov.) 
1951, 

The effluent from wire enameling ovens contains several ingredients which are irritating 
even in small concentrations, creating an atmospheric pollution problem. The results of tests 
described in detail indicate that catalytic combustion of the effluents can greatly reduce the 
atmospheric contamination and escape of combustible materials. The general method of catalytic 
combustion should have possibilities in control of atmospheric pollution wherever the contami- 
nants are combustible or readily oxidized to less irritant compounds. Each installation should 
have chemical and physical tests made on the oven and stack effluents in order to determine the 
optimum operating conditions and verify the reduction of the contaminants. 

\o minimum of instrumentation should be necessary for indicating the continued activity of 
the catalyst rhe entire project is still in the experimental stage, and additional tests are 


being conducted 
CONDENSED FROM AvuTHOR’s SUMMARY [INDUstT. Dicest]. 


HaNpiinc Metuane ar Centrat Parricia Mine. T. T. Ticert, Canad. Mining & Met. 
Bull. 44:70-73 (Feb.) 1951. 
The purpose is to present the simple basic tacts of the characteristics, the occurrence, the 
detection, and the control of methane in metal mines, so that practical mining men may deal with 
the gas with some confidence 


\t 17 Ontario mines methane has been encountered, and 2 have had major outbursts. Methane 


detectors are discussed. At the Central Patricia mine it is thought that the flame safety lamp 


is not accurate enough at low concentrations of methane and is certainly not a safe instrument 
in mexperienced hands. Instead the M.S.A. Type E-2 electric tester is used. Reliance should 
not be placed on the odor of impurities which commonly accompany methane. 

Ventilation is the best safeguard against methane explosions. At Central Patricia a 54-in. 
(137-cm.) two-stage axial-flow fan, located on the surface, is used to supply air to the mine. 
The fan capacity is 40,000 cu. ft. (1132 cu. m.) per minute, but to prevent excessive icing this 
is cut to 25,000 cu. ft. (708 cu. m.) in winter. There is auxiliary ventilation at the 3,400-ft. 
(9-meter) level. Ventilation is carefully controlled. 

Supervisors are carefully trained, and much attention is given to education on safety matters. 
When gas is encountered or suspected, smoking and use of naked lights are forbidden, drilling 
machines are stopped, compressed-air valves are opened, supervisors must be notified instantly, 
and the entrance to the gassy area guarded; the methane must on no account be ignited and 
ventilation must be maintained. Further routine measures are the duties of supervisors. 


Tuomas Beprorp [Butt. Hye.] 
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Accidents and Their Prevention; Protective Equipment 


West Frankrort Coat Mine Disaster. Joun FE. Summers, J. A. M. A. 148:713 
(March 1) 1952. 


An abstract of the Bureau of Mines report of this disaster follows. 


Report oN Mayor Exproston Disaster, Ortent No. 2 Coat Mine, FRANKLIN 
County, Dec. 21, 1951. 


The U. S. Bureau of Mines report analyzes in full detail the methods of operation, the 
ventilation system, the characteristics of the mine from the standpoint of production of methane 
and explosive mixtures, and the type and the conditions of the equipment used 

It concludes that the disaster which caused the death of 119 men was due to several con- 
current factors, the most important ones being (a) the existence of nonventilated, unsealed, 
abandoned, caving areas with a very high methane content; (>) inadequate ventilation system 
in which the air approaches these abandoned areas before circulating through actively worked 
sections, thus producing the explosive mixtures known to have existed shortly before the 
explosion; (c) the use of either nonpermissible types of electrical equipment or equipment in 
nonpermissible condition such as was found in all cases; (d) the presence of accumulations of 
fine coal dust which was neither removed nor rendered inert by the addition of sufficient amounts 
of inert dust. 

The investigating commission is of the opinion that the explosion originated with the flowing 
of a large body of explosive gas from an abandoned area and simultaneous short circuiting of 
the ventilating air flow; this gas was ignited by an electric spark from the nonpermissible 
equipment in the vicinity and propagated through the adjacent areas by coal dust and/or other 


yas bodies 
gas bodies. PLAZA. 


Static Evectricity «x Hospitat Operating Suites: Drrecr anp Retatep Hazarps 
AND PERTINENT REMEDIES. P. G. Guest, V. W. SrkoraA, and BERNARD LeEwts, Bureau 
of Mines, Report of Investigations 4833, January, 1952 


The authors state that sparks from static electricity are the most common cause of fires or 
explosions of combustible anesthetic gases or vapors, and that the majority of fatal operating 
room explosions have occurred within the closed circuits of anesthesia machines, in many instances 
while the mask was being adjusted or removed. They cite Greene’s report (1941) of 239 
operating-room accidents, 63 of which were caused by static electricity, and in no case were 
all the recommended safeguards in use. The authors’ study of 14 representative hospitals in the 
Pittsburgh area indicated that few had applied adequate measures to reduce this hazard to the 
minimum. They explain the principles of the formation and the removal of static electricity. 
They report their extensive studies in measuring static electricity produced during various routine 
operating room procedures, the electric capacitance of materials and equipment commonly used 
there, the results of laboratory work done to determine spark energies required for ignition of 
various gas mixtures, and the exact time required to develop the usual static charges. They 
found that nongrounded anesthetic machines could be charged to a potential of several thousand 
volts by manipulating mask, bag, or tubing; also that even sparks of very low energy can ignite 
an oxygen-rich mixture 

Control depends upon effective grounding of a/! nonconducting substances in the area, 
especially those where motion occurs in relation to other bodies. Hence the room should have 
a grounded floor (ideal resistance between 0.2 and 2.0 megohms) with a// equipment and personnel 
electrically connected to it. This may be accomplished by wearing shoes with conductive rubber 
soles (containing carbon particles) and using similar material for tires of carriages, tables, stools, 
anesthesia machines, etc. Mask and tubing must also be conductive. High humidity (50 to 60%) 
reduces formation of static on sheets and other textiles and increases conductivity of the floor. 


It is preterable not to handle anesthesia machines while wearing rubber gloves, and also not to 
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wear nylon or rayon stockings. As temporary expedients, chains or wet towels may be used for 


grounding equipment to the floor, but should be discarded as soon as more suitable connections 
can be obtained. 


The principles of conductive and spark-proof floors are also applicable to 
munitions plants. 
The authors also discuss hazards of unprotected electric outlets and appliances. 
The bibliography is excellen . - ¢ 
SAMUEL S. Suovse, Boston. 


GASSING Casvuatties. Price 75 cents, cash with order, post free. Association of British 
Chemical Manufacturers, 166 Piccadilly, London, W.1, 1952. 


The full title of this booklet is “A System of Labels for Gassing Casualties Sent to Hospital.” 
The booklet was prepared by the Works Safety Committee of the Association, who felt that it 
would be “an important contribution to industrial safety if hospitals could have a correct 
history and diagnosis of cases of gassing sent from chemical works, in order that the appropriate 
treatment might be instituted without delay.” 


The labels cover 50 fairly common gases and vapors from acetic anhydride through xylene. 
There are some met infrequently like argon, helium, nickel carbonyl, and xenon. The whole list 
is divided into appropriate groups where several behave somewhat alike and require about the 
same kind of treatment; e. g., acetic anhydride, ammonia, chlorine, formaldehyde, hydrochloric 
acid, and sulfur dioxide are in one group. Hydrogen cyanide, bromine, carbon disulfide, 
hydrogen sulfide, dimethy! sulfate, nicotine, and several others have a separate sheet each. 

These labels are not directions for the physician. There are intelligent and very tactful 
suggestions that he might look on the label, presumably attached to the casualty, and thus get a 
quick history of what has happened to the patient. If the label has been properly filled out—it 
would take only a moment—it should help the physician greatly. 


Puitiep DrInKER, Boston. 


Radioactive Substances and X-Ray 


RADIOSENSITIVITY OF BONE MArRRow: I. THe RELATIVE 
oF ERYTHROID AND Myetorp Evements. II. THe Errect oF LarcGe, REPEATED 


Wuote Bopy IRRADIATION ExposukE ON HEMATOPOIESIS. WILLIAM N. VALENTINE 
and Morton Lee Pearce, Blood 7:1 (Jan.) 1952. 


STUDIES ON THE SENSITIVITY 


Data respecting the regenerative capacity of erythroid tissue in experimental animals after 
the stimulus of hemorrhage are presented 

regenerative capacity of both red 
had little effect on the erythrocyte 


and compared with observations of the relative 


and white elements after administration of 200 r. 


Radiation 
production, but the leucocyte recovery was severely depressed. 


These observations support those made on man. 


The results from the second study were less 
clear-cut. Some evidence of hidden damage was elicited by tests of bone marrow reserve, and 


hemoglobin regeneration was slightly slower after the fourth irradiation. The results of later 
observation must be qualified since an iron deficiency may have existed. 


WILLARD MaAcHuLe, Fort Lauderdale, Fla. 


Stray X-Rays FROM ELectron BEAM INSTRUMENTS AND SOME BIOLOGICAL IMPLICATIONS. 
S. D. Larks, Indust. Hyg. Quart. 12:175 (Dec.) 1951. 


It is reported that radiation equal to or above tolerance doses was detected at a distance of 
3 ft. (92 em.) from an industrial oscillograph. Since radiation was in the order of 1 to 2 r, pre- 


cautionary measures were recommended in the form of lead shielding, lead glass, and a monitoring 
program. Measurements on an electron microscope indicated that radiation was definitely 
above tolerance levels at the diffraction and intermediate viewing port. When the viewing screen 
is inclined to 30 degrees for image photography a Geiger-Miller counter indicated 12 mr 
per hour. Corrective measures were similar to those mentioned above. 


R. Dennis, Boston. 
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Protection Acainst X-Ray anp Beta RapiaTion: Leap Gtass Fasric. Vincent W. 
ARCHER and Otuers, J. A. M. A. 148:106 (Jan. 12) 1952. 


Secause various studies have shown that the incidence of leukemia is greater among physicians 
exposed to radiation, and because there may be as many as eight times as many deaths from 
leukemia among radiologists as would be expected on a statistical basis, the authors concluded 
that some garment should be devised to protect those portions of the body which are not 
shielded by the present lead-rubber apron and gloves. Such a garment would have to be flexible, 
resistant to cracking when creased, cleanable, and tairly comfortable. 

Spun lead glass had been used in 1941 as a radiopaque medium for the x-ray identification of 
surgical sponges. By utilizing a fabric woven of this material and several different voltages 
for the production of an x-ray beam, it was shown that one thickness of the glass fabric provided 
protection equivalent to that of 0.035 mm. of sheet lead. The number of layers of fabric 
necessary to protect the various parts of the body was determined by the use of large intraoral 
dental film packets worn at eight positions on the body during 43 fluoroscopic examinations. 
(All results are charted.) Next an experimental gown was constructed with the following 
thicknesses: abdomen, 5 layers; chest, 3; lower skirt, 2; shoulders to elbows, 2; lower arms, 3, 
and the back open. The weight was 10'4 pounds (4.7 kg.) compared with 11 pounds (5 kg.) 
for a conventional lead-rubber apron, although all parts of the body receiving appreciable 
amounts of radiation were fully protected. This fabric also affords efficient protection against 
beta radiation of atomic fission products. 


(No wearable weight of any material would provide 
protection against gamma radiation.) 


The lead glass fabric provides protection against x-ray and 
beta radiation, and has the necessary properties of flexibility, cleanability, etc., listed above. 


Gorpon B. WHEELER, Boston. 


Tue Hazarp oF Rapiation. Apert E. Hevustis and Donatp Van Farowe, Radiology 
57:832-836 (Dec.) 1951. 


The division of industrial health of the Michigan Department of Health made a study of the 
operation of fluoroscopic and x-ray installations in the 11 state mental hospitals, in an effort to 
determine whether personnel were being subjected to hazardous amounts of radiation. The 
results of the investigation are tabulated, and 14 factors to be considered in eliminating such 
hazards in hospitals are given. Sc. Anet. 


A Survey oF RoENTGEN Ray Exposures RECEIVED BY PERSONNEL IN SEVERAL CLINICS 
AND GENERAL Hospitats. Eoitpa De Amicis, CHarLtes K. SPALDING, and RuSsSELL 
F. Cowrnc, Unclassified Document AECU-1749, U. S. 


Atomic Energy Commission, 
Technical Information Branch, Oak Ridge, Tenn. 


Data presented show that of 1,100 film badges worn by roentgenologists over a period of 
one year, 7 films, or 0.63%, showed exposures above the present permissible weekly tolerance 
(300 mr). Of 2,740 film badges worn by technicians over the same period, 3 films, or 0.11%, 
revealed overexposure. These figures are in good agreement with a previous nine months’ 
period survey made by the authors in which, of 2,655 films, 11 films, or 0.41%, showed over- 


exposure. 
posu Sc. Asst. 


Rapon 1n NorMAL Breatu. E. J. Martin and J. K. W. FerGuson, Canad. J. M. Sc. 30:42 
(Feb.) 1952. 


Under normal conditions the human body contains a certain amount of the radioactive gas 
radon, which has been absorbed as such from the surrounding air and other sources or has been 
generated from the radium in the body. Its distribution between aqueous liquids and gases is 
such that at equilibrium the concentration in the gaseous phase is the higher one. 
expired air is more suitable for analytical studies than blood or urine. 

The measurement of the radon in the breath has been used extensively to estimate the amount 
of radium in the bodies of workers in the radium industries. Such measurements have in recent 
years been made by counting the alpha particles emitted per unit time by the radon and its decay 
products. To measure the very low radon content of the breath of individuals who have not 
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accumulated abnormal amounts of radium in their bodies, the alpha-counting equipment must be 
very sensitive and stable 


Apparatus which satisfies these requirements has been built and has 
made possible the present investigation. 


The radon content of the breath will be close to and governed by the radon content of the 
atmospheric air and will fluctuate with it. When the radium content of the body is increased, it 
will contribute to the breath an increased amount ot radou which may still be within the range 
of the ordinary radon content of the air and therefore be veiled by this. 


It appears necessary to control the factor of radon in the inhaled air by having the subjects 
breathe radon-free air. In this way it is possible to investigate through analyses of the breath 
the content of radium in the body. It was found that when radon-free air is breathed prior to 
sampling, the amounts of radon in the expired air of normal subjects are considerably less than 
the amounts commonly found in “fresh” atmospheric air. 


The various sources of radon are discussed, and the authors say that under the condition 
prevailing during their studies it appears that the radon of atmospheric air establishes a con- 
¥ centration of radon in the body that supplies a larger proportion of the exhaled radon than radon 
from all other sources put together. 


However, great fluctuation of the proportions may be 
expected, depending on local and atmospheric conditions. 


InpustRIAL RapiumM Potsoninc. Hetmut Rotu, Deutsche med. Wehnschr. 76:776-777, 1951. 
Radium poisoning, in contrast to many other industrial poisonings, takes a course which lingers 
over years, is comparable in some respects to the latent phase of an infection, and occasionally 
causes general injury to the hardiness of the organism. Care must be devoted to the avoidance 
of occupational injury from radioactive substances through intensive industrial hygiene protective 


measures, such as sufficient ventilation of the workroom, protection against rays, and watching 
of the health of exposed persons. 


Morris B. Jacosps [Cuem. Apst.]. 
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News and Comment 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
News Letter, May, 1952 


The newer types of pesticides that have been brought into wide use during the past few 
years have created many problems due to their extremely high toxicity. Across the width and 
breadth of this country, state divisions of industrial hygiene have been called upon to evaluate and 
control the hazards involved in the preparation and use of these economic poisons. Serious 
illness and even death have resulted because of ignorance or carelessness on the part of workers 
and residents in the areas where these materials have been introduced. Physicians must be 
sufficiently oriented to this problem to recognize readily the presenting symptoms and signs of 
toxicity and be prepared to administer the effective antidotes and therapy. 

The rapidly expanding developments in the manufacture and use of these new pesticides 
prompt us to draw your attention to the Committee on Pesticides of the American Medical 
Association, which is now in its third year of operation. The program which it adopted in 
January, 1950, is primarily a service activity which has the twofold purpose of: 

1. Creating an improved public and professional understanding of the economic importance \} 
of pesticides. 

2. Offering guidance to physicians on the various health problems which are presented by 
certain of these agents. 

To accomplish these objectives, the following educational and investigative projects have 
been initiated : 

1. Development and promotion of safe standards of use for pesticides. 

2. A study of remedial measures. 
3. Collection and evaluation of new information. 


4. Contributions to the standardization of nomenclature. 


. Stimulation of voluntary control. 
Sponsorship of a broad educational program directed to physicians and the public. 

This six-point program is being administered by specialists in biology, entomology, pharma- 
cology, toxicology, nutrition, and public health administration with the assistance of advisory 
specialists in the other sciences. 

A series of scientific reports on the medical aspects of pesticides has been published in The 
Journal of the American Medical Association and subsequently made available for wide reprint 
distribution. This educational program is augmented by the inquiry service rendered by the 
Committtee office. Programs of collaboration have been initiated with several regulatory 
agencies, scientific groups, and trade associations prominent in the pesticide field for the exchange 
and dissemination of accurate information on the newer poisons. 

The Committee on Pesticides is a standing committee of the Council on Pharmacy and 
Chemistry. Mr. Bernard E. Conley, secretary of the Committee, will welcome requests for 
further information regarding the activities and services of the Committee. 


J. F. McCanan, M.D. 


Assistant Secretary 


INDUSTRIAL HEALTH CONFERENCE 


The 1952 Industrial Health Conference was held in Cincinnati, April 19-25. Delegates were 
present from the Industrial Medical Association, the American Conference of Governmental 
Industrial Hygienists, the American Industrial Hygiene Association, the American Association of 
Industrial Dentists, and the American Association of Industrial Nurses. Recent developments 
in the health and safety phases of radioactivity and radiation, toxicology, air pollution, general 
health testing, food and nutrition, occupational and nonoccupational disability, cancer and 
other subjects bearing on the medical aspects of industry in its relation to the individual were 
discussed. 
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CAREERS IN SERVICE TO THE HANDICAPPED 


A manual “Careers in Service to the Handicapped” has been published jointly by the National 
Society for Crippled Children and Adults and the National Foundation for Infantile Paralysis, 
with the cooperation of the Office of Vocational Rehabilitation of the Federal Security Agency. 
Lawrence J. Linck, executive director of the National Society for Crippled Children and Adults, 
in announcing the booklet stated that vacancies exist for occupational therapists, physical 
therapists, and teachers trained in educating physically handicapped children. 


WILLIAM R. BRADLEY, NEW PRESIDENT OF THE AMERICAN 
INDUSTRIAL HYGIENE ASSOCIATION 


William R. Bradley, chief industrial hygienist of the American Cyanamid Company, took 
office as president of the American Industrial Hygiene Association on April 22. He became 
president-elect in April of last year. Mr. Bradley is past president and past secretary of both 
the Michigan Industrial Hygiene Society and the Metropolitan New. York Section of the 
American Industrial Hygiene Association. 


HEALTH OFFICER OF PAN-AMERICAN SANITARY BUREAU SENT TO BOLIVIA 


In response to a cabled request for assistance sent to the Secretary-General of the United 
Nations, Mr. Trygve Lie, Dr. John D. Glismann, medical officer of the Pan-American Sanitary 
Bureau, regional office of the World Health Organization, has been sent to La Paz to investigate 
the health situation and to determine the nature and extent of assistance required. Dr. Glismann 
will consult with health authorities and assist in making arrangements to obtain whatever medical 
aid, supplies, and equipment are necessary. 


CORRECTION 


In the paragraph beginning at the bottom of page 254 of the March issue of the A. M. A. 
ARCHIVES, in the article by Dr. William E. Smith, “Survey of Some Current British and 
European Studies of Occupational Tumor Problems,” 2-amino-l-naphthol should be substituted 
for l-amino-2-naphthol throughout; 2-amino-6-naphthol should be substituted for 1-amino-6- 
naphthol and a reference should be appended to page 254, as follows: 24a. Bonser, G. M.; 
Clayson, D. B.; and Jull, J. W.: An Experimental Inquiry into the Cause of Industrial Bladder 
Cancer, Lancet 2:28 (Aug. 18) 1951. 
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Doctor, 
be your own 
Judge... 
try this 
simple test 


With so many claims 
made in cigarette adver- 
tising, vou, Doctor, no 
doubt prefer to judge for 
yourself. So won't you \ 


make this simple test? 


Take a PHILIP MORRIS and any other cigarette 


Be Light up either one first. Take a puff—get a good mouthful of smoke 


and s-l-o-w-l-v let the smoke come directly through your nose. 


Now, do exactly the Same thing with the other cigarette. 


You will notice a distinet difference between 


PHILIP MORRIS and any other leading brand. 


HILIP MORRIS 


Philip Morns & Ce . Inc., 100 ie, New York 17, N. ¥ 


control 
of | 


Luminal and Luminal Sodium — time-tested, effective dampers of cortical 
over-activity — control emotional turbulence, restlessness and 
hyperirritability promptly and for prolonged periods. 
FOR ORAL USE: 
LUMINAL SODIUM 
Tablets 16 mg. (1% grain); 32 mg. ('% grain) and 0.1 Gm. (1% grains). 
Tablets 16 mg. (14 grain); 32 mg. (1% grain) and 0.1 Gm. (11% grains). 


Elixir (14 grain/teaspoonful), bottles of 354 cc. (12 fl. oz.) 
4 and 3.785 liters (1 U.S. gallon). 


FOR PARENTERAL USE: 
. . LUMINAL SODIUM 
Hypodermic tablets of 65 mg. (1 grain), bortles of 50 and 500, 
, for subcutaneous or intramuscular injection; Powder, ampuls 
of 0.13 Gm. and 0.32 Gm. (2 grains and 5 grains), for subcutaneous, 
intramuscular and (exceptionally) intravenous injection; 
Solution in propylene glycol, ampuls of 2 cc. (0.32 Gm.,5 grains); 
E Ampins —sterile, disposable injection units of 2 cc. (5 grains) 
and 10 cc. vials (21% grains/cc.), for intramuscular injection only. 


; THE PIONEER BRAND OF PHENOBARBITAL SODIUM 
- f BACKED BY MORE THAN 30 YEARS OF EXPERIENCE 
#4 
ig 
(SODIUM 
aq 


New Yorw 18, N.Y. Winosor, Ont. 
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